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1927 Rear Admiral John Halligan, U.S. Navy 1958 Rear Admiral Leroy V. Honsinger, U. S. Navy 
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THE 1961 ANNUAL BANQUET 
of 
The American Society Of 
Naval Engineers 


will be held at 


HOTEL STATLER-HILTON 


WASHINGTON, D. C. 


on 


Friday, 28 April 1961 


Notices with application forms will be mailed to all members in 
February 1960. 
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This chart shows routes taken by the six expeditions 
which successfully completed passage through the Canadian 
Archipelago. Marked in solid line is the USS Seadragon’s 
successful northern route announced by the Navy. First to 
complete a passage was the Northern explorer Ronald 
Amundsen, (dot-dash track), whose 47 ton herring boat 
completed the east-west route south of Victoria Island in 
1903-1906. Thirty-five years later, Sergeant R. A. Larsen, 
made the west-east trip in a Royal Canadian mounted po- 
lice vessel also south of Victoria Island, in 1940-42 (dash 
track). In 1944, Larsen made the passage in the St. Roch 
in the opposite direction, (dotted track) along the route 
that Commodore O. C. S. Robertson, RCN, followed ten 
years later. Finally, three U.S. Coast Guard ships, the Storis, 
Spar, and Bramble, followed the Larsen 1940-42, (dash 
track) west-east route through the Archipelago. 


Seadragon crew members dot the Arctic ice as they col- 
lect information during the Polar cruise. 


Official U. S. Navy Photograph 
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Seadragon crew 
members, explore 
the ice during the 
Polar cruise. 
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h Official U. S. Navy Photograph 
h Smiling-moustached facile profile on the cliff of this iceberg looks 
e down at the nuclear submarine USS Seadragon, on her polar voyage. This 
n iceberg was the largest encountered by the Seadragon during her nego- 
S, tiation of the Canadian Archipelago. In diving under the berg, the Sea- 
h dragon found her to be more than 300 feet deep. 
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Official U. S. Navy Photograph 


Seadragon Frogman Earl J. 
Crowley, TM1 (SS), USN, a mem- 
ber of the underwater photography 
team, swimming under the Arctic 
ice in the first series ever made of 
the underside of the North Pole. 





Seadragon divers prepare to ex- 
plore under the North Pole taking 
the first photographs ever made of 
the underside of the Arctic ice. Lt. 
G. M. Brewer, USN (left), E. F. 
Crowley, TH1 (SS), USN, (Center) 
and E, P. Quick, EN2(SS), USN, 
(Right) found the 28.5° water 


comfortable. 
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Official U. S. Navy Photograph 


These icy formations were photographed during 
one of the first pictorial explorations of the under- 
side of the arctic ice. This photograph was taken by 
Lt. G. M. Brewer, USN, head of the Underwater 
Photography team from the U. S. Naval Photograph- 
ic Center, Washington, D.C. The water temperature 


was 28.5° Fahrenheit. 


Official U. S. Navy Photograph 


Scientist Walter I. Whitman, ice 
forecaster accompanying the crew of 
the USS Seadragon on its trans-polar 
voyage, stands on the bow of the ship 
taking weather data in the middle ice 
pack of Davis Straits. 


“ - ‘ . = 
te a oe A we > en an 4 With cold calulation, Richard W. Ca- 
pt oe = rae cgbttitie ee. coe J tS ; ron, YNC(SS), USN, unwinds the first 
_ toss in the historic premiere North Pole 
-* Ball Game. The umpire with the frozen 
»* stare and cold heart is A. V. Jarvis, HM1 


e. 
=. (SS), USN. 


— 


Official U. S. Navy Photograph 





Official U. S. Navy Photograph 


Batter up! Thomas J. Miletich, 
TM2 (SS), USN, is all set for the 
first ball pitched in the first game 
to be played at the North Pole. 
Ready to stop anything that gets by 
Miletich is opposing catcher, Lt. 
(jg) Vincent Leahy, USN. 
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NAVAL ENGINEERING 
Definition: NAVAL ENGINEERING is the art and science applied in the 
design, construction, operation and maintenance of ni:val ships and their in- 
stalled equipment. 


SECRETARY’S NOTES 


THE ASNE GOLD MEDAL AWARD—1960 
Members of the Society are aware of the fact that an annual award is available 
each year to that citizen of the United States who made the greatest contribution to 
the advancement of NAVAL ENGINEERING during the year. 
The awardee is selected by a board consisting of three past-Presidents of the So- 
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ciety (assuming that we can assemble this many) from their own knowledge (second- 
ary) and primarily from the citations which are received. 

Initially to establish a firm criterion, an official definition of Naval Engineering was 
adopted. This definition has appeared under the masthead in each issue of the Jour- 
nal since its adoption. 

This is a recently established award and has been made only twice to date. For 
1958 the award was made to Mr. Valor C. Smith of the Naval Electronics Laboratory 
for his contribution in connection with radio antenna design. The 1959 award was re- 
ceived by Dr. Waldo K. Lyon, also of the Naval Electronics Laboratory for his con- 
tribution in connection with the development of electronics equipment particularly 
applicable to submarine operations in Arctic waters. 

The Society wants this, its major award, to gain recognition as one of the most im- 
portant awards in the world for technical achievement. It is intended to be just this. 
This fact makes it very difficult for executives to recommend their own people for the 
award for several reasons, including: 

Many accomplishments are the result of joint effort and it is difficult to single 
out an individual for specific credit; 

Where, in the opinion of the executive, several things of note have been ac- 
complished, he hesitates to select one as the most important because of fear of an 
adverse morale effect; 

He makes a prejudgment that someone will be cited by someone else whose feat 
will be considered more outstanding than the best that he has to offer 

The outstanding accomplishments of which he is aware probably are not (in his 
opinion) within the field of Naval Engineering and 

Security reasons. 

We have tried by display presentations in the Journal and by personal letters to 
selected Naval Commanders to encourage the submission of citations for this award. 
To date the response has been very light. The awards committee is convinced that 
many more things, worthy of consideration are done each year than are placed before 
them for selection. To what extent this may have colored decisions during the last 
two years is indeterminate. The committee he no way of evaluating an accomplish- 
ment of which it is ignorant. 

What has been accomplished during 1960? We can cite continued submarine op- 
erations in the Arctic, successful test firing of the POLARIS missile from George 
Washington and Patrick Henry, and launching the world's largest ship, the nuclear 
powered aircraft carrier Enterprise. These are a few of the end products of Naval 
Engineering during 1960. They are outstanding because of singular contributions to 
the field of Naval Engineering in 1959, 1958, 1957 etc. What has been done during 
1960 which will make it possible for the realization of outstanding results in 1961, 
1962, 1963 etc.? These are the things that we are looking for as well as the 1960 
accomplishments which had a final payoff within the same year. This is the sort of 
judgement which is within the capacity of Naval Engineering executives to make. 

Please Note: 

Anyone can submit a citation 

Any American Citizen may be cited 

Naval Engineering is a very broad field 

There need be no administrative relationship between the citer and 
the citee 

1960 will end in abcut a month after you receive this Journal. Has anything been 
accomplished since 31 Necember 19597 Has it been outstanding, in your opinion? 
Do you know who did it? Do you see any connection whatever between this thing and 
Naval Engineering? Can you describe the accomplishment and the relationship of the 
man to the deed? 

If each reader who sees this can answer all questions affirmatively he owes us a 
citation for a proposed recipient of the 1960 ASNE Gold Medal Award. Please send 
it to— 

ASNE Award Committee 

American Society of Naval Engineers 
Suite 403 
1012 14th Street, N.W. 
Washington 5, D. C. 
Typewriting is preferred but legible handwriting is fully acceptable. 
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JASNE Advertisers 


In this issue of the Journal, readers will note a 
deviation from a policy which has existed for 72 
years. On a trial basis, the advertisements are not 
segregated in one section of the magazine. They are 
dispersed between the articles. 

The ostensible reason for this change is to make 
advertising in the Journal more attractive to ad- 
vertisers. By bringing what they have to say into 
positions in which it is more apt to be seen and read, 
we are offering them something more for their mo- 
ney than we have in the past. Since they contribute 
about 20 percent of the income of the Society and 
thus help appreciably to support a better Journal, 
we feel that they are entitled to the fullest consid- 
eration. 

However, there is much more to it than that. 
These concerns which advertise in the Journal, by 
that mere fact, display their participation, as or- 
ganizations, in the profession of Naval Engineering. 
As organizations they are not eligible to Society 
membership which is limited to individuals but they 
want it to be known that they do engage in your 
profession. They want you to know what they have 
done; what they are capable of doing. They want 
you to recognize their connection with you as Naval 
Engineers. 


Considering all of its ramifications, there is no 
more progressive nor challenging nor rewarding 
functional engineering field than the one which this 
Journal, and it alone, among all technical journals, 
represents. This is a field of ideas, of design, of 
specification, of production whose end product is 
the hardware which is the United States Fleets. Of 
the tens of thousands of engineers who in their 
specialties, occasionally or continually contribute to 
the advancement of Naval Engineering, possibly less 
than one percent are members of the Society. A 
large majority of these individuals, both members 
and non-members, are employees in the industrial 
complex which produces the ships of the Navy and 
all of the things contained in them. This complex is 
made up of thousands of concerns which contribute 
to the complete naval ship ready for its intended 
use. Of these thousands only a handful, our adver- 
tisers, recognize and want the world to recognize, 
that they are operators in the field of Naval Engi- 
neering. 

We are proud to publicize this recognition by giv- 
ing their displays a more prominent position in the 
Journal. If this should influence other firms to re- 
quest advertising space so that they too can be 
known as concerned with Naval Engineering, we 
can accommodate a few additional. We have no in- 
tention of increasing the space devoted to advertis- 
ing at the expense of the articles which are pub- 
lished. These will be continued on no lesser a scope 
than has been the recent practice. 

There is but one catch. If readers object to this 
change on the ground that it reduces the dignity of 


the Journal or that our advertisers do not warrant 
such special treatment, we will revert to the previ- 
ous practice. The Council has authorized this for 
two issues on a trial basis subject to acceptance 
by the members. 


1961 Banquet 


The Council has decided that there will be an 
American Society of Naval Engineers Banquet in 
1961. Because of the great success of past banquets 
it is probable that this action was inevitable. De- 
tailed plans for this affair will be arranged by a 
committee which has been formed and has started 
its actions under the chairmanship of the Secretary- 
Treasurer. The Council has stipulated the following 
features, which, to the extent of their applicability 
limit the freedom of the committee: 


The 1961 banquet shall be arranged, in general, 
after the pattern of the one in 1960. 
It shall be held on: 
Friday, 28 April 1960 


at 
The Statler Hilton Hotel, Washington, D. C. 


For parties of two or four one member may 
have one non-member guest. For larger parties 
only one non-member guest to each two members 
will be permitted. The price, to be set by the 
committee, shall be the same for non-members 
as for members. 

There will be a favor. 

As is the usual practice notices and applications 
for the banquet will be mailed to all members dur- 
ing late February 1961. 


1961-1962 Elections 
The Council and the Annual Meeting accepted 
the report of the nominating committee and ap- 
proved the recommended slate without change. The 
names which appear on the ballot which should al- 
ready have reached voting members are: 
For President in 1961 vice Rear Admiral R. E. 
Cronin, USN; whose term expires on 31 Decem- 
ber 1960: 

Rear Admiral E. H. Thiele, USCG, Engineer- 

in-Chief, U. S. Coast Guard 
For two naval memberships on the Council to 
serve during 1961 and 1962 vice Commander John 
M. Coil, USN and Captain T. W. Rogers, USN 
(Ret) whose terms will expire on 31 December 
1960: 

Captain Edward J. Fahy, USN, Assistant Chief 
Bureau of Ships for Research and Develop- 
ment 

Captain Jack A. Obermeyer, USN, Command- 
ing Officer and Director David Taylor Model 
Basin 
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Rear Admiral Floyd B. Shultz, USN, Assistant 
Chief Bureau of Ships for Technical Logis- 
tics. 


Commander Joe W. Thornbury, USN, Head, 
Electrical Branch, Bureau of Ships 
For one Coast Guard membership on the Council 
to serve during 1961 and 1962 vice Rear Admiral 
E. H. Thiele, USCG, nominated for President in 
1961: 
Captain Gilbert F. Schumacher, USCG, Chief 
Naval Engineering Division, U. S. Coast 
Guard Headquarters 


Lieutenant Commander John B. Crowley, 
USCG, Secretary, Ships Structure Commit- 
tee, U. S. Coast Guard Headquarters. 


For one Naval Reserve membership in the Coun- 
cil to serve during 1961 and 1962 vice Command- 
er R. S. Burpo, USNR whose term will expire on 
31 December 1960: 


Lieutenant Commander C. P. Roane, USNR 
(Ret), Supervisory Naval Architect, Bureau 
of Ships 


Commander C. M. Featherstone, Jr., USNR, 
Washington Representative, Northrop Corpo- 
ration. 


For one Civilian membership on the Council to 
serve during 1961 and 1962 vice Mr. Gilbert S. 
Frankel whose term will expire on 31 December 
1960: 


Mr. C. Swan Weber, Vice President, Westing- 
house Electric Corporation 


Mr. H. C. McCord, District Sales Manager, 
Aluminum Corporation of America. 


Meetings 

The Council of the Society held meetings on 31 
August and 10 October 1960. The latter meeting is 
required by the By-Laws as a prelude to the An- 
nual Meeting. 

The Annual Meeting was held on 10 October 
1960. This was in accordance with the By-Laws 
which require it to be held and during the first half 
of October each year. Although only 37 members 
attended this meeting this was an increase of 20 
per cent over the 1959 attendance. This year’s meet- 
ing was originally scheduled to be held in a room 
which was completely burned out just 9 days before 
the meeting. The President commended Commander 
Thornbury for his expedition in making arrange- 
ments for another meeting place and Miss Leonard 
for having notices of the new location in the hands 
of members four days after the fire and in plenty of 
time for the meeting. 

The business which was conducted at these vari- 
ous meetings is discussed in other places in these 
notes. 
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Change in By-Laws 
The following proposed changes in the By-Laws 
of the Society also appears on the ballot for decision 
by the membership: 
“This is Amendment No. 3 to the November 1957 
edition of the By-Laws of ASNE: Delete Article 
18 in its entirety and substitute therefore: 


The Council shall prepare such regulations as it 
deems appropriate, consistent with the provisions of 
this Article, including specific criteria and annual 
dues, to provide for Student and Junior Member- 
ships. 


a. The Council may establish Student Member- 
ships, for which any undergraduate at a school ac- 
credited by the Council may be eligible until the 
end of the calendar year in which he graduates or 
is separated from the school. 


b. The Council may establish Junior Member- 
ships, for which any person is eligible who 
a. is eligible for Naval Membership and is less 
than 30 years of age, or 
b. is eligible for Civil Membership except for 
the experience requirement and is less than 30 
years of age. 


c. Student and Junior Members shall receive the 
JOURNAL and shall have all the privileges of regular 
membership except voting and standing for office. 


Articles 14 and 19 are hereby amended to con- 
form to this change to Article 18.” 


This matter has been discussed in these notes in 
previous issues of the JourNAL. If the change is 
adopted, it is expected that the Council will have 
promulgated rules and regulations for Student and 
Junior members in time to reach 1961 graduates 
while they are still eligible for Student membership. 


Form of Ballot and Dues Notice 

Members will have noted that the new ballot is 
in the modern dress which facilitates action. Mem- 
bers have only to mark the ballot and insert it in 
the fold provided in the return portion. No postage 
need be added. A similar form will be used when 
the statement of 1961 dues is mailed. In this latter 
case the member need only prepare and insert a 
check. 

It is hoped that this simplification will be reflected 
in a more complete and earlier return. 


A Technical Society and Technical Meetings 


Occasionally we have heard informal discussions 
as to whether the Society should modify its activi- 
ties to more nearly parallel those of other technical 
societies. This matter is now on the calendar of un- 
finished business of the Council for consideration of 
a statement made at the 1960 Annual Meeting by a 
member, Mr. Uriah L. Allen, Jr. of Baltimore, 
Maryland. Mr. Allen, who is senior engineer in the 
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Air Arm Division of Westinghouse Electric Corp., 
made the point that we were the only technical so- 
ciety which held no technical meetings; that the 
only ASNE meetings were the annual business 
meeting and the annual banquet which is social. 
This is, of course a correct statement. Mr. Allen 
urged that strong consideration be given to holding 
at least one technical meeting each year. 

In advance of any Council meeting at which this 
subject was discussed it is impossible to indicate 
how the discussion will run or what pros and cons 
will be brought up. The Council will not be able to 
begin a study until next year. In the meantime it 
would be a lot of help if interested members would 
jot down their views with reasons and send them 
to the Secretary-Treasurer to assemble for the 
Council. 

The following points appear to be pertinent. 

Several years ago, on the strong urging of a 
group of members, the By-Laws were amended to 
permit forming local chapters of the Society. The 
purpose as set forth at the time was to set up small 
organizations which could read and discuss tech- 
nical papers which would become a source of 
articles for the JouRNAL. It was also expected that 
these groups would draw new members into the 
Society. Up to this time, although there have been 
a number of inquiries, in no locality has the neces- 
sary twelve members banded together to form a 
local chapter. This may be due to a lack of interest 
in another technical meeting or it may merely mean 
that necessary leadership to form a chapter has 
been missing. 

The arrangements for the Annual Banquet are 
handled by the regular Society staff with a very 
small temporary addition of clerical help. Only the 
extra help is charged to banquet expense. Over the 
years the banquet balance has been both red and 
black and it is estimated that the net of this in 41 
years has been about one-third of what would be 
charged if the Society’s general expense was pro- 
rated and charged to the banquet account. Just 
what the effect on the Society’s treasury would be 
if technical meetings were added to our present pro- 
gram is indeterminate. 

If technical meetings are held they could, of 
course, be added to the program of the Annual 
Banquet or they could be scheduled for another 
time of year or at another location. The banquet has 
gained some reputation for what it has been and 
there are very strong arguments for retaining its 
traditional nature. This nature has two important 
features. For the local people the evening comes at 
the end of the working week which is not inter- 
fered with and it gives them an opportunity to re- 
new many acquaintances, possibly to discuss busi- 
ness or technical matters but probably more usually 
to escape from these. For the out of towners, it need 
not be much different in this jet age but many of 


them do arrive a day or a few hours early so that 
they can take advantage of a visit to Washington to 
take care of some kind of business with the govern- 
ment. Both of these features would seem to point to 
the desirability of complete separation in time be- 
tween any technical meetings and the annual ban- 
quet. It is quite possible, anyway, that many of the 
individuals who now attend the banquet would not 
attend technical meetings but would continue to 
operate just as they do now. It is equally possible 
that many members do not come to the banquet but 
would be keenly interested in attending technical 
meetings whether or not interlarded with social 
affairs. 


For members who do not attend the banquet, and 
this is about two-thirds of the ASNE membership, 
the Society furnishes the quarterly JouRNAL which 
carries about eighty articles, allied in some fashion 
to Naval Engineering, each year. Occasionally these 
articles elicit discussions which are also published in 
the JouRNAL. This same sort of thing is handled in 
various ways by other technical societies. A general 
picture is that papers are presented, some only in 
abstract, and discussed at technical meetings, copies 
of individual papers with discussion are available to 
members and some of the papers are published in 
society or associated periodicals. As a matter of in- 
terest, our JOURNAL quite often carries reprints of 
papers which have been presented at technical 
meetings of other societies. 


There will be problems to consider in deciding 
whether or not to hold technical meetings. A small 
number of these are indicated above. It is hoped 
that every member who has ideas on the subject 
will send them in for the benefit of the Council. 

It should be noted that the Council has authority 
to set up technical meetings if it should decide to 
do so. In the past, even when it could act, the Coun- 
cil has usually submitted important matters, and 
this is believed to be an important matters to the 
full membership as a change in the By-Laws. It is 
hard to predict what may happen in this case. No 
prediction will be made now. Please let us hear 
from you. 


SUMMARY OF SUBMARINE EXPLORATIONS IN THE ARCTIC 


The earliest recorded thoughts that a “submarine 
ark” should be used for “Submarine Navigations” 
was advanced by Bishop John Williams in 1648 in 
his book “Mathematical Magick.” Subsequently, Dr. 
Vilhjulmar Stefansson, Sir Hubert Wilkins, and 
others have advanced ideas concerning using a sub- 
marine for arctic exploration. Stefansson relates 
that his idea germinated by observing whales sur- 
facing in the leads or “ploynas” in the arctic pack 
ice off Banks Island near the spot where SEA- 
DRAGON emerged from McClure Strait. Stefans- 
son expressed his views to Sir Hubert Wilkins, the 


A.S.N.E. Journal, November 1960 605 








SECRETARY’S NOTES 





late British explorer, who was with him at the time. 
Then in 1931, Wilkins became the first man to at- 
tempt to take a submarine actually under the ice. 
Wilkins had purchased the submarine O-12 from the 
United States Government for one dollar renaming 
her “NAUTILUS.” After spending thousands of 
dollars on his submarine, Sir Hubert attempted fu- 
tilely to penetrate the ice; but casualties to his 
aging sub forced him to turn back and abandon his 
scheme. 

The Germans demonstrated during World War II 
that diesel powered submarines could carry out 
effective independent combat operations in the Arc- 
tic areas, in the fringes of the ice pack. They car- 
ried out various missions against the Russians in 
the Kara Sea. The U.S. enlarged on the German 
experiences with its own submarines between 1946 
and 1953. It was found that in many ice areas the 
submarine can go where the surface ship cannot go 
since it can submerge, proceed under the ice, select 
an open area and come to the surface to charge its 
batteries. 

These facts were used to begin ice pack studies. 
Following is a list of scientific studies conducted by 
submarines in ice areas since 1946: 

Summer of 1946, U.S.S. ATULE, in the Kane Ba- 
sin under the edge of the ice pack for 1,000 yards. 

January 1947. U.'S.S. SEMRET (SS-408) to the 
Ross Sea in the Antarctic. No dives were made un- 
der the ice. 

Summer of 1947. U.S.S. BOARFISH (SS-327) 
conducted the first extended under-ice dives, cov- 
ering a distance of about 30 miles during three dives 
in the Chukchi Sea in the Arctic. 

Summer of 1948. U.S.S. CARP (SS-338) in the 
Chukchi Sea, experimented with methods of diving 
and surfacing in the ice. 

August-September 1952. U.S.S. REDFISH (SS- 
395) in the Beaufort Sea remained under the ice 
nine hours, the longest under-ice dive recorded to 
that date. 


August-September 1953. U.S.S. REDFISH (SS- 
395) in Beaufort Sea. (Joint exploration with Cana- 
da.) 

August-September 1957. U.S.S. NAUTILUS (SS- 
(N)-571) conducted under-ice operations in the 
Greenland Sea and Arctic Ocean, spending 5% days 
and proceeding 1,383 miles under the ice pack to 
within 180 miles of North Pole, a “furtherest North” 
for any ship. U.S.S. TRIGGER proceeded under the 
edge of the pack. 


In August of 1958, NAUTILUS submerged in the 
Bering Strait off Alaska and four days later sur- 
faced in the vicinity of Iceland. Practically parallel 
with NAUTILUS’ west to east transit of the Arctic 
Basin was the submarine SKATE’s twelve day ex- 
ploratory cruise under the Arctic ice to the North 
Pole in the same month. SKATE entered and left 
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the pack in the eastern Arctic. In March 1959, 
SKATE made a similar trip, but this time in the 
dead of winter. SKATE’s second trip was signifi- 
cant in proving the feasibility of surfacing through 
the winter ice. 

March 1959. U.S.S. HARDER and U.S.S. TROUT 
penetrated winter pack ice near Newfoundland and 
travelled 280 miles each beneath the ice, surfacing 
in ploynas to recharge batteries. The 280 miles dis- 
tances were records for conventionally powered 
submarines. 

In February of 1960, the nuclear submarine 
SARGO made the first entry to and exit from the 
Western approaches of the Arctic Basin. Her trip 
was made in mid winter, the most difficult time of 
the year for Arctic transits. 

August 1960, SEADRAGON transits Northwest 
Passage and proceeds to the North Pole, making the 
first east-west transit of the Arctic Basin. 


Industrial College of The Armed Forces 


The following press release may be of interest to 
members who have not had an opportunity to see 
it in other publications: 

“A graduate-level course offered by the Industrial 
College of the Armed Forces is available free of 
charge to qualified military and civilian personnel. 
Specifically, it is open to (1) military officers of all 
components of the Department of Defense and the 
Coast Guard, serving on active or inactive status in 
the grade of major or lieutenant commander or 
higher, and to (2) Federal employees with ratings 
of GS-11 or higher. A college education or its equiv- 
alent is highly desirable. Persons who do not meet 
these requisites but have compensating education 
and experience may be accepted for enrollment. All 
applicants are considered on their individual merits. 

“Operating under the direction of the Joint Chiefs 
of Staff, the Industrial College conducts courses of 
study in the economic and industrial aspects of na- 
tional security under all conditions and in the con- 
text of both national and world affairs, giving due 
consideration to the interrelated military, logistical, 
administrative, scientific, technological, political, 
and social factors affecting national security. 

“The correspondence course is based on the 10- 
month resident course conducted by the College at 
Fort Lesley J. McNair, Washington, D.C., for se- 
lected military officers and civilian personnel to 
enhance their preparation for important command, 
staff, and policymaking positions in the national 
and international security structure. The cor- 
respondence version consists of 22 bound volumes 
organized into five integrated units of study: Back- 
ground Information; Resources and Facilities; 
Processes in the Economics of National Security; 
Foreign Aspects of National Security; and Problems 
of National Security. It generally takes about one 
year to complete all units. A certificate of comple- 
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tion is issued to everyone who satisfactorily com- 
pletes the full course, and a report to that effect is 
submitted to the appropriate authorities for inclu- 
sion in individual records. Reservists not on ex- 
tended active duty may earn a total of 48 credit 
points for retention and retirement purposes. 





“Qualified personnel are urged to consult the lo- 
cal education services or civilian personnel offices to 
obtain application forms and further information or 
to apply directly to the Commandant, Industrial 
College of the Armed Forces, Washington 25, D.C., 
ATTN.: Correspondence Course Division.” 


Controlled nuclear chain reactions in this low-power 
nuclear assembly will provide scientists and engineers at 
General Atomic Division of General Dynamic Corpora- 
tion in San Diego with essential physics data for the de- 
velopment of the Maritime Gas-Cooled Reactor 
(MGCR). 

The assembly's honeycomb aluminum frame contains 
more than 4,000 highly enriched uranium-aluminum foils 
as fuel. The unusual honeycomb design permits great 
flexibility in arranging the fuel and moderator to achieve 
desired nuclear compositions in studying the core ar- 
rangements for the reactor. 

The MGCR system, being developed by General Dy- 
namics’ General Atomic and Electric Boat Divisions for 
the U. S. Atomic Energy Commission and the Maritime 
Administration, will combine a high temperature gas- 
cooled reactor with closed-cycle gas turbine power ma- 
chinery. 

To left, a General Atomic staff member loads a fuel 
channel containing uranium-aluminum foil into the as- 
sembly. 

—General Dynamics Corporation 
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CAPTAIN T. B. OWEN, USN AND MR. J. B. ALFERS 


MARINE APPLICATIONS OF PLASTICS 
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World War II and a brief tour in the Bureau of Naval Personnel, he partici- 
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ceived the degree of Doctor of Philosophy in Physical Chemistry at Cornell 
University. After a year’s work at the University of Amsterdam he was 
designated as an Engineering Duty Officer. He then returned to the United 
States for duty in the Naval Sciences Division of the Office of Naval Re- 
search. He was then transferred to the Long Beach Naval Shipyard where 
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trical Engineering. He worked for several years with the Rural Electrifica- 
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tribution systems. For the past 18 years, he has worked in research and 
development and standardization of plastic and dielectric materials for the 
Bureau of Ships. At the present time, he is Acting Head of the Section for 
Polymers, Fibers and Packaging of the Material Development Branch. 

Mr. Alfers recently received a Master's degree in Engineering Administra- 
tion from George Washington University. He has received the Distinguished 
Civilian Service Award from the Secretary of the Navy and the Executive 
Award from the Reinforced Plastics Division of the Society of the Plastics 
Industry. He is a member of the Society of Plastic Engineers, the American 
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the American Boat and Yacht Council. 


DEFINITIONS the materials are capable of being formed or shaped 

usually through the action of heat and pressure. In 

P LASTICS GENERALLY are materials made up of car- use, the polymers are often combined with reinforc- 
bon containing molecules that have hooked them- ing, flexibilizing, coloring, or stabilizing materials 
selves together in chains to form what we call or- to adapt them to a large variety of uses. The terms 
ganic high polymers. In some stage of production, resin, plastic, and polymer are used interchangeably 
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to designate the principal high molecular weight 
component of plastic materials. The term “resin” 
was originally used for natural gums. “Polymer” is 
derived from the Greek word “Mer” meaning part 
or segments—hence “polymer” meaning many parts 
(i.e., high molecular weight) . 


HISTORY 
Development 


Many people think of plastics as very new or re- 
cent materials. However, recognition of polymers 
dates back as far as 1831 when the chemist Berzelius 
first identified styrene. The first useful application 
of artificial plastics resulted from the work of the 
Hyatt brothers in 1868. They won a prize offered by 
the French Government for the development of a 
material to replace ivory used in billiard balls. The 
Hyatts discovered that the addition of camphor to 
cellulose nitrate would produce an ivory-like ma- 
terial. In 1907, Dr. Baekeland commercialized 
phenol-formaldehyde resins later called Bakelite. In 
the 1930’s great strides were made in gaining an 
understanding of the basic chemistry of polymers. It 
was in this period that the foundation was laid for 
the development of the variety of materials we know 
today such as acrylics, vinyls, polystyrene, nylon, 
melamine, polyesters, epoxies, and others. Since 
1940 the potentialities of plastics as regard strength, 
service temperature, electrical characteristics, and 
other properties have been greatly expanded 
through development of new materials. 


Production 


From the modest production in 1934 the industry 
has grown to a 1958 level of 4.5 billion pounds a 
year. This is comparable to current aluminum and 
rubber production. It is predicted that the output of 
the plastic industry will rank 4th among basic mate- 
rials by 1975. It would be exceeded only by the pro- 
duction of steel, wood, and glass. Family use of plas- 
tic materials has increased by a factor of 10 in the 
last 15 years. In the next five it is expected to double. 
In 1935 a household refrigerator used one pound of 
plastic; in 1956 it contained twenty-two pounds. We 
have had the Stone Age, the Wood Age and the Iron 
Age. This era might well be called the Age of 
Plastics. 


Industry sources 


Plastics as received by the consumer are usually 
the products of a resin manufacturer and one or 
more processors or fabricators. The resin manufac- 
turer (Dow, U. S. Rubber, du Pont, Carbide, Good- 
rich, and Monsanto are among the larger ones) draw 
their materials from several sources in the petrol- 
eum, coal, and chemical industries. Resins may be 
liquid or solid. They are usually processed and com- 
pounded with other constituents such as pigments, 
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lubricants, stabilizers, or fillers in order to give them 
certain desirable handling or use characteristics. The 
resulting materials are ready for conversion by 
press, extruder, or other mechanical devices into 
useful forms such as sheet, pipe, tape, and other 
end-items. 


TaBLE I—Classification of Plastics 


Basic Sources 


Natural — Rosin 

Synthetic — Polyethylene 
Raw Materials 

Cellulose — Cellulose acetate 

Coal tar — Phenolic 

Petroleum — Polyethylene 
Chemical Reactions 

Addition — Polyethylene 

Condensation — Phenolic 
Physical Groupings 

Thermoplastic — Polyethylene 

Thermosetting — Phenolic 
Chemical Classes 

Vinyl 

Ethylenic 

Epoxies 

Polyester 


CLASSIFICATION 


Plastics may be classified in several ways. (See 
Table I.) 


Raw material 


They may be classified by the raw material from 
which they are derived. For example cellulose ace- 
tate is a cellulosic; coumarone indene a coal tar 
resin; and polyethylene a petroleum derivative. 


Material source 


They may be grouped by source—for example 
natural or synthetic. The major portion of the plas- 
tics produced today are synthetic as opposed to the 
use of some naturally occurring materials such as 
resin. 


Chemical reaction (Figure 1) 

Plastics may be described by the chemical reac- 
tion required to transform the base material (mono- 
mer or single part) into the higher molecular weight 
polymer. The condensation reaction, for example, in- 
volves the evolution of by-products such as water or 
ammonia. The addition reaction is a simple case of 
monomer addition to form chains without by-prod- 
uct formation. 


Chemical class 


These materials may be classified by their chem- 
ical constitution such as vinyls, cellulosics, poly- 
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ADDITION REACTION (NO BY-PRODUCT EVOLVED) 


H H HH H} 

, PRESSURE ite AE he: 
H, C=CH, a © ——e te -€-C-C—C 
H H H 





H 
POLYMER 


monomer AND/OR CATALYST ae 


CONDENSATION REACTION (POLYMERIZATION ACCOMPANIED 
BY EVOLUTION OF BY-PRODUCT 
SUCH AS WATER, AMMONIA, OR 
ETC.) 


HO ROH + HO'OR, OOH>{OROOR, OOR—OOR{O-+ 4,0 
L---4 POLYMER WATER 


WHERE R CAN BE ANY ORGANIC 
RADICAL SUCH AS CH,, C,H,, ete. 


Figure 1. Classification by Chemical Reaction. 


esters, and epoxies. There are at least fifteen such 
broad classifications. Each of them is a highly com- 
plex and specialized field. There are resin chemists 
who will spend their whole careers in the study of 
certain vinyls. Knowledge of the chemical class of 
a particular resin is of value to the plastic tech- 
nologist because it will often permit him to draw 
general conclusions as to properties, processing, and 
type of adhesive to be used. 


TaBLE II—Physical Groupings 


THERMOPLASTIC THERMOSETTING 
Acrylic Phenolic 
Cellulose Acetate Melamine 
Polystyrene Urea 
Polyamide (Nylon) Epoxy 
Polyethylene Silicone 
Polytetrafluoroethylene Polyester 

(Teflon) Alkyd 
Polyvinylchloride 


Physical groups (Table II) 

Possibly of most interest to the fabricator of plas- 
tic parts is the classification of the materials into 
thermoplastic and thermosetting compounds. This 
grouping will indicate generally the processing or 
fabrication procedure applicable to a_ specific 
material. 

1. Thermoplastics 

These are materials which soften under applica- 
tion of heat, are formed or molded in this condition, 
and then are allowed to harden on cooling. They 
can undergo this process repeatedly. Wax is a sim- 
ple example. It melts when heated, can be cast into 
a shape while warm, and will harden when cool. It 
can subsequently be remelted and cast. In this class 
are plastics such as vinyl chloride, polyethylene, 
polystyrene, cellulose acetate, nylon, and teflon. 
They are used to make such items as garden hose, 
shower curtains, furniture upholstery, pipe, toys, 
wall tile, and hoola hoops. 

2. Thermosetting compounds 

These may be liquid or solid in original state but 
can be formed or converted to infusible solids 
through the use of heat and pressure. Once con- 


verted they cannot be reworked. Subsequent appli- 
cation of heat causes charring and decomposition. 
One finds phenolics, ureas, melamines, polyesters, 
and epoxies in this class. These materials are used 
in telephone handsets, electrical boxes, receptacles, 
buttons, table tops, in combination with glass fibers 
in parts of certain automobile bodies, and a host of 
other industrial items. 


PROCESSING 
Plastics are converted into finished products by 
a variety of methods. 


Molding 


Molding is usually accomplished by forming the 
plastic article in a closed die using controlled temp- 
eratures and pressures. Such molds may be operated 
in a press for opening and closing the die and for 
applying pressure. They are often intricate and very 
costly. Thermoplastic materials, which must be 
cooled in order to harden, are usually injection 
molded. In this process the material is heated and 
softened to the point where it will flow. It is then 
quickly forced into a cold mold under high pres- 
sure (sometimes 20-25000 psi). It fills the mold 
cavity, cools, and hardens almost instantaneously. 
When one considers that up to 30 molding cycles 
may be completed per minute in a completely auto- 
matic machine, and that the mold may be multi- 
cavity (i. e., capable of producing several parts at 
once), he can appreciate that this is truly a high 
speed production method. Thermosetting materials, 
which harden after being heated, are compression or 
transfer molded. This involves introducing material 
into a hot mold and holding it under pressure for the 
time required to complete “cure” or hardening. The 
time required to complete the cure is the limiting 
factor in production output. There are some special, 
fast cure materials which do permit cycles of % 
minute or less in automatic presses. 


Extrusion 

Extrusion is a process usually limited to thermo- 
plastics. It involves a continuous process for heat- 
ing and masticating the plastic and then forcing it 
into the desired cross-section. Pipe, tubing, tape, 
fibers and cable insulation are typical examples of 
extrusions. The extrusion process is the fastest pro- 
duction technique in terms of pounds per hour but 
is limited to continuous production of uniform cross- 
sections. 


Casting 

Casting is a process in which liquid resins are 
poured into a mold cavity. They may be thermoplas- 
tic, in which case the resin is poured hot and per- 
mitted to cool. More usual, however, the resin is of 
a thermoset type which is cured by applied heat 
or by chemical activation. Little or no pressure is 
used in a casting operation. Encapsulation of elec- 
tronic circuits is an example of casting. 
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Laminating 

Laminating is the process of building up materials 
from thin layers. The method is usually applied to 
the makeup of sheets of plastic impregnated rein- 
forcing materials such as paper or cloth. In some in- 
stances the laminating is done in large multiplaten 
presses under several thousand pounds per square 
inch of pressure at controlled elevated temperatures. 
In other cases, laminating type operations are car- 
ried out to produce large complex shapes where high 
pressures and temperatures are not used. Certain 
thermosetting resins such as polyesters, epoxies and 
phenolics can be used in combination with high 
strength reinforcing materials, (usually glass fibers 
in various forms such as unidirectional filaments, 
woven cloth or random mats) to produce laminates 
having varied strength characteristics. Some of these 
resins can be converted from liquids to solid, with- 
out application of heat or pressure, by chemical re- 
actions induced by addition of chemical activators 
and catalysts. Formica and Conolite are trade names 
for typical high pressure laminated sheets, rods and 
tubes. Reinforced plastic boat hulls are an example 
of low pressure lamination. 


Blowing 

Blowing is the term applied to the formation of 
certain thermoplastic items such as bottles and con- 
tainers. The methods and machinery are very similar 
to that used for glass articles. 


Hot forming 


Hot forming is a process where a sheet of plastic 
is made soft and flexible by heating, then placed 
over or in a form and made to conform, usually un- 
der either vacuum or light pressure. On cooling, the 
sheet retains the shape of the form. This process is 
used in fabricating a great variety of thermoplastic 
materials. It may be applied to a few thermosetting 
plastics by forming them before the complete state 
of cure or hardness is reached. Many containers for 
packaging are formed in this manner. 


Foaming 

Foaming is the process in which a light weight 
cellular plastic is formed. Foams can be produced 
having densities ranging from 1 to 30 Ibs. per cu. ft. 
with varying degrees of rigidity or flexibility. They 
are used in such diverse applications as thermal in- 
sulation, buoyancy, and shock absorption. Thermo- 
plastic foams are usually provided in the form of 
planks, blocks, slabs, or logs. More recently, pellets 
of polystyrene containing a “blowing” agent have 
become available. These may be poured into a cavity 
and expanded by jets of live steam. Thermosetting 
foams are capable of being foamed-in-place. They 
are provided in liquid form as two or three com- 
ponent systems. After the components are mixed, a 
chemical reaction takes place which simultaneously 
causes foaming and curing or hardening of the resin. 
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The polyurethanes are the most promising example 
of foamed-in-place resins. 
Assembly 

In addition to the basic processing operations de- 
scribed above, many uses of plastics are made possi- 
ble by application of cutting, machining and fasten- 
ing processes similar to those applied to wood and 
metals. Preformed sheets, rods or tubes can be 
machined and joined by bolts, rivets, adhesives, and 
some by a form of welding. Because of the individual 
materials characteristics, the machining, handling 
and design requirements will differ from those for 
wood or metal and will vary for different plastics. 


MARINE USE 
Selection 


1. General 

There is a myriad of plastic materials available 
for a wide variety of uses. The flexibility inherent 
in their properties and chemical constitution offers 
a much greater variety for selection than in the 
case of wood or steel. Plastics are of interest to the 
Navy not as substitutes but rather as materials 
having their own specific and desirable character- 
istics which should be considered in the design, 
construction, and repair of ships and components. 
Each specific formulation has a unique combination 
of properties. Knowledge of these is essential when 
specifying a particular material for application. 


2. Advantages 
Most all plastics offer certain similar benefits 
which account for their wide usage: 
. Light weight 
Insulating qualities 
Non-magnetic 
Ease of fabrication 
Cost 
High strength 
Design flexibility 
. Available from domestic raw materials 
. General corrosion resistance 
. Appearance 
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3. Disadvantages 
On the other hand these advantages may be off- 
set by disadvantages common to many plastics: 
. Fire resistance 
Gaseous combustion products 
Low rigidity 
Cost 
Heat resistance 
Weatherability 
. Corrosion resistance 
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4. Bureau policy 

The Bureau of Ships has not chosen to differen- 
tiate plastics from other. materials routinely used 
in Navy ships. It is felt that wider application of 
plastics is possible and desirable. Engineers and 
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service personnel must become more familiar with 
their properties. There has been some inclination 
to resist the use of these materials presumably be- 
cause of their combustibility. In many cases this is 
apparently used as an excuse to continue to speci- 
fy “tried and true” materials which are more com- 
monplace and with which more people have had 
experience. Few people realize the permissiveness 
of Chapter 88 of the Bureau of Ships Manual which 
lists a series of plastics that may be employed when 
fire hazard is a consideration. Many more plastics 
can now be added to the list as more data become 
available. There is a conscious effort now under- 
way in the Bureau to overcome the inertia and 
lethargy regarding the use of plastic materials. A 
more constructive approach is being dictated 
wherein the material best suited to the application 
at hand from the standpoint of cost and perform- 
ance should be specified regardless of whether or 
not it be wood, metal, elastomer, fiber, or plastic. 


General Uses 


The broad application of plastic materials to cur- 
rent shipboard use may not be fully appreciated. 
Vinyl and alkyd paints, plastic deck covering mate- 
rials, plastic electrical insulating materials, and 
foamed plastic life rings are in common use. It is 
possible that they are not recognized since they do 
not appear in massive or readily identifiable form. 
Reinforced plastic boats, nylon mooring lines, nylon 
and plastic coated tarpaulins are items of outfitting 
and supply. Minecraft carry plastic floats and dan 
buoys. Most of the Bureau’s interests appear to lie 
in the application of four different plastic forms 
namely: dielectrics, thermoplastics, foams, and rein- 
forced materials. The last three categories are of par- 
ticular interest. There follows some discussion of the 
applications of these materials to ships of the Fleet. 


EXAMPLES OF CURRENT USE 
STRUCTURAL 


Submarine fairwater 


In early 1953 a conning tower fairwater of alumi- 
num was removed and one of reinforced plastic was 
installed on the USS Halfbeak (SS 352). The alumi- 
num structure had deteriorated from the corrosion 
in service. Reinforced plastics although proven in 
boats and other semi-structural uses had not pre- 
viously been applied in such a large unit or con- 
sidered for the severity of service as an operating 
submarine would encounter on the high seas. Lab- 
oratory test and engineering judgment indicated, 
however, that the structure could be designed, con- 
structed and installed and expected to perform in 
a satisfactory manner. 


This structure was built by a plastics fabricator 
and partially preassembled at the producing plant. 
Several large subassemblies were shipped to the 
Philadelphia Naval Shipyard where they were 





Figure 2, Plastic Fairwater 


joined and installed through the joint efforts of the 
contractor and the shipyard. (Figure 2.) It is made 
up of plastic plates and stiffeners with sections 
joined by adhesives and bolts. The plating was about 
¥Y% inch thick with frames 4 inches deep. The en- 
tire unit weighed 7400 pounds or about the same as 
the aluminum structure removed from the same 
ship. In July 1953, the first glass reinforced plastic 
structural unit went to sea. 


After two and a half years of service the Com- 
mander, Submarine Forces Atlantic Fleet, stated 
“The ability of the plastic fairwater to withstand the 
stresses occurring during a hurricane is most en- 
couraging. No more conclusive evidence of reliabil- 
ity appears to be necessary.” Last month the USS 
Halfbeak was inspected in the Philadelphia Naval 
Shipyard. After five and a half years, the ma- 
terial looks as good as when it was installed. Under 
the paint, the original mold finish is present, there 
are no delaminations, the bolts are tight, and it ap- 
pears good for an indefinite number of years of 
future service. 


The initial success of the fairwater on the USS 
Halfbeak led to consideration of the replacement 
of other aluminum units as they become uneconom- 
ical to repair. In November 1956 a similar plastic 
fairwater was installed on the USS Grampus (SS 
523). During May and August 1957 units were in- 
stalled on the USS Cutlass (SS 478) and USS Irex 
(SS 482). The three latter fairwaters were of a 
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Figure 4. Plastic Fairwater. 
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different design and configuration. The changes in 
design was made to provide a higher bridge, to pro- 
vide for interchangeability on submarines of the 
Guppy II class, and to reduce the cost of simplify- 
ing the molds (Figures 3 and 4). These considera- 
tions resulted in a fairwater weighing about 9000 
pounds. It was assembled from vertical panels each 
24 inches in width by 30 feet long. Each included a 
strip of vertical plating and an integral Z frame. 
The fore and aft contoured sections were separately 
molded as in the Halfbeak. These vertical panels 
could be trimmed to reduce both the length and 
width to fit different ships of this class. 


The experience with these structures has been 
quite satisfactory. In some of the forward panels, in- 
adequate strength has been found. Modification to 
these weaknesses have recently been made and it 
is expected that these will be maintenance free fair- 
waters for many years. A few words about the cost 
of these structures may be of interest. Costs which 
are truly comparable and reasonably accurate are 
difficult to obtain. Installation costs vary among 
yards. Some of the plastics units are of the larger 
high bridge design. All of the metal ones replaced 
were of the low bridge design. In addition there was 
little experience in the shipyards in handling plastic 
—a fact contributing to high installation costs com- 
pared to metals work. 


The USS Halfbeak, requiring original design 
work, molds and installation by workers unfamiliar 
with the materials and techniques, cost about $300,- 
000. This compares with the cost of $125,000 to re- 
place an aluminum unit. The last fairwater installed 
on the USS Irex at Philadelphia Naval Shipyard 
cost about $128,000. This included $52,000 for the 
plastic panels and other plastic items. The remain- 
ing $73,000 represents labor costs for removing the 
old aluminum unit and for assembling and installing 
the plastic one. Estimates for future orders of 5 to 
10 ship sets are $40,000 each for the plastic items, 
to which costs of the shipyard must be added. 


Submarine superstructure 

In 1953, about 100 feet of reinforced plastic super- 
structure both plating and framing was installed on 
the USS Croaker (SSK 246) on the forward part 
of the ship. Breakage was experienced because of 
the contacts with tugs and docks. Changes in depth 
caused the plastic to flex and to emit crackling noise. 
The design was marginal. For these reasons, it was 
removed. Further study of the material and design 
used gave indications as to how to eliminate the 
noise in superstructure installation. A smaller sec- 
tion of superstructure plating from frames 43 to 47 
was installed on steel frames on the USS Guavina 
in early 1956. This installation has been completely 
successful. It weighed 1543 pounds in comparison 
to the conventional steel and wood construction of 
1817 pounds. (Figures 5, 6, and 7) The favorable re- 
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Figure 6. Plastic Superstructure (Exterior). 





Figure 7. Plastic Superstructure (Interior). 


sults of this installation have led to consideration 
of new installations in the near future using both 
steel and reinforced plastic frames. 

Sea cabin 

Reinforced plastic construction is of interest in 
topside applications for saving weight (or to obtain 
greater strength for equal weight) and minimum 
maintenance. Aluminum construction has often been 
used but it has obvious disadvantages with regard 
to resistance to marine atmosphere and to the re- 
quirement for isolation from adjacent dissimilar 
metals in order to prevent electrolytic action. In 
addition, the design allowables are very low for some 
alloys when welded. 

A steel sea cabin, approximately 9-0” x 7’-0” x 
6’-5” high was replaced by a plastic honeycomb con- 
struction on the USS Southerland (DDR 743) 
early in 1955. (Figures 8 and 9) The sides, overhead 
and deck were made of separate panels which con- 
sisted of a light weight phenolic impregnated paper 
honeycomb core (which weighed 4% Ibs. per cu. ft.) 
sandwiched between glass reinforced plastic faces. 
This construction was used in order to obtain the 
greatest amount of panel stiffness at the lowest 
weight. The plastic facings were 4,” thick on the 
outside (to provide greater impact resistance) and 
¥” inside. The overall sandwich thickness was 2” 
for roof and floor and 134” for sides. The structure 
was designed to withstand wind loads up to 130 miles 





Figure 8. Plastic Sea Cabin. 
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Figure 9. Plastic Sea Cabin. 


per hour. No additional thermal insulation was used 
because honeycomb panel was found to be the 
equivalent of 1” thick fiberglass blanket. Weight of 
the steel cabin replaced was 6000 pounds as com- 
pared to 2,085 pounds for the plastic unit. Estimates 
on a comparable aluminum cabin showed that the 
cost would be about 10 percent lower but the weight 
would run 1200 pounds higher than the plastic con- 
struction. The cabin was inspected after two years 
in service and found to be in excellent condition. In 
addition to achieving a 65 percent weight saving, 
service experience has shown plastic construction to 
be superior with regard to habitability. It has been 
reported to be cooler in hot climates, has a lower 
noise level, and its flat bulkheads provide more 
usable space and present a neater appearance. Com- 
parative cost estimates in quantities of six or more 
indicate the plastic and steel would be equivalent at 
$8,000 per unit and aluminum would cost $10,000. 


Deckhouse extension 


Another example of the use of these materials in 
a topside structure is the reinforced plastic honey- 
comb sandwich deck house extension which was 
installed on the USS Fechteler (DDR 820) in 
1956. A number of deckhouse failures had occurred 
on DD 692 type vessels because of storm damage. 
Reinforcement of these steel structures was not pos- 
sible because weight and moment compensation 
were not available. The plastic deckhouse extension 
is 35/0” x 4’6” high. It has three plastic honeycomb 
partition bulkheads. The sides consist of 342” thick 
paper honeycomb core with *4,” thick outside and 
14” inside glass reinforced plastic facings. The top 
has 2” thick core. It was designed to be comparable 
in strength to a steel structure, capable of withstand- 
ing storm damage. The weight of the plastic con- 
struction is 2400 lbs. compared to 7500 Ibs. for one 
of steel, a weight saving of 68 percent. Except for 
minor leakage at the connection of the plastic to the 
main deck house, service has been satisfactory. Esti- 
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mated cost in quantities of six or more is $15,000 
per unit. This is equal to the cost of an aluminum 
structure which would not be as structurally ade- 
quate. 

Joiner bulkheads 

(a) General: In recent years a number of plastic 
materials have been used in experimental joiner 
bulkheads and partitions. Honeycomb cored plastic 
faced panels, corrugated sheets of polyester glass 
laminates and of acrylics, vinyl sheet covered alumi- 
num and plastic tile have had service trials. These 
have been evaluated in comparison with aluminum, 
both painted and unpainted, and corrosion resistant 
steel. 

In general, the plastic approaches have been more 
expensive than the older and more conventional ma- 
terials. Often, however, costs are based on the ex- 
perimental installation in the new materials. Older 
materials and their fabrication and installation prob- 
lems are more familiar to shipyards. 

If the major restriction to plastic bulkheads and 
partitions that of resistance to fire were disregarded, 
several plastic materials offer promise of low main- 
tenance, attractive appearance and otherwise satis- 
factory performance at a cost close to aluminum and 
stainless steel. One such material is the vinyl clad 
aluminum sheets. Several years of satisfactory ex- 
perience is available. The material does not stain, 
is easily cleaned and remains bonded to the alumi- 
num. This product is fabricated in the same manner 
as sheet aluminum. The vinyl sheeting is applied to 
the aluminum sheet and is tough and flexible enough 
to withstand the various sheet metal forming op- 
erations. 

The corrugated sheets of glass reinforced polyester 
and of acrylic resin show some promise. Both of 
these materials require somewhat special fabrica- 
tion and installation techniques. They are supported 
by conventional aluminum stanchions. In shower 
stalls, the reinforced polyester sheets have been 
found to collect a soap film which is found to be hard 
to remove. This results in a dull and soiled appear- 
ance. The acrylic sheets have held up well in ap- 
pearance but some have broken by sharp blows. The 
material is not nearly as strong as the glass rein- 
forced sheets. Both of these materials should be 
cheaper on an installed basis than the corrosion re- 
sistant steel. Further work will be needed to over- 
come the indicated deficiencies. 


(b) Installations: In 1956 comparative installa- 
tions of joiner bulkheads made of vinyl sheet cov- 
ered aluminum, paper honeycomb faced with For- 
mica laminate, and paper honeycomb faced with re- 
inforced polyester laminate, were made on the LSD 
34. The panels were made up by the Douglas Air- 
craft Company and installed by the Ingalls Ship- 
building concern. Installed costs were $4.00 per sq. 
ft. for the aluminum and $12.00 per sq. ft. for the 
honeycombs. The latter were 1%” thick by 3’ wide 
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and were joined by H and channel sections of glass 
reinforced polyester resin with radius and right 
angled sections of aluminum. They weighed one 
pound per square foot. The installation has not been 
reported. 

Crews washrooms in the USS Otterstetter (DER 
244) were used for a comparative test of: 


Corrosion resistant Acrylic sheets 


steel Plastic wall tile 
Bare aluminum Porcelain aluminum 
Painted aluminum wall tile 
Vinyl sheet covered Paint 

aluminum Vitroglass 


Corrugated glass rein- 
forced polyester sheet 


Installations were made by the Portsmouth Naval 
Shipyard. 

The materials were inspected in 1957. Most suc- 
cessful were corrosion resistant steel, vinyl sheet 
covered aluminum and chlorinated rubber base 
paint. 

Sonar domes 

Interest in reinforced plastics to house sonar 
transducers developed as a result of certain advan- 
tages which material investigations showed plastics 
had over rubber and steel domes. Plastic sonar 
domes can be used to lower topside weight, to re- 
duce the effects of water and hull generated noises, 
to minimize corrosion problems, to reduce construc- 
tion time, and to achieve lower costs in production 
due to ease of fabrication into complex shapes. 
Acoustical tests of plastics have indicated that good 
transmission can be achieved at various frequencies 
especially where steel thicknesses would have to be 
excessive. Another advantage is the fairness of the 
surface which can be obtained with plastics. 

Early in 1954 an experimental BQR/3A dome was 
built by the David Taylor Model Basin. This dome 
showed considerable improvement in tracking while 
operating at snorkel depth. This dome was tested by 
the Naval Research Laboratory at frequencies up to 
60 Ke with excellent results. As a result, the Bureau 
procured fifty-four of these domes from Lunn Lami- 
nates, in 1955. (Figures 10 and 11) In four years 
only one failure was reported. However, no other 
procurements of these domes were made since the 
transducers these domes housed became obsolete. 

This early experience led to the installation of a 
ribless conformal nose dome on the USS Albacore 
in 1955. Service performance has been excellent 
with no failures. 

In November, 1955, the Bureau authorized Elec- 
tric Boat to procure a plastic bow dome with plastic 
ribs for the Nautilus. Our first experiences with 
this application were rather unhappy. Three domes 
failed and had to be replaced in rapid succession. As 
is often the case, tightly scheduled operational re- 
quirements made it impossible to do much more than 





See 


Figure 10. Plastic Sonar Dome. 





Figure 11. Plastic Sonar Dome. 


replace each dome, as it failed, with another much 
similar one. As a result of the last failure, in Decem- 
ber 1957, however, a composite dome of steel trusses 
and plastic skins was installed on the Nautilus just 
prior to its history-making voyage under the North 
Pole. (Figure 12) Thus permitting plastics people 
to brag that they were there first! This dome has 
proven satisfactory both structurally and acoustic- 
ally. A dome of similar construction has since been 
installed on the Skate. The Swordfish also has a 
plastic bow dome. 

In May 1956, installation of plastic bow domes on 
the SSN 580 class was authorized. It is believed that 
there are five still installed. It must be stated that, 
due to the highly complex nature of the entire sonar 
system, the fortunes of plastic vs. steel construction 
have not been fully resolved and may not be for 
some time. Plastic construction does, however, seem 
to offer interesting possibilities for sonar dome ap- 
plication at present. 

Experience with the Nautilus and other bow 
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Figure 12. Plastic Sonar Dome. 


domes has pointed up some important factors, how- 
ever, which must be carefully controlled if the use 
of plastics in Naval construction is to be expanded 
to its full potential. 

a. Material quality and strength must be ade- 
quately specified. 

b. Design requirements and acceptable design 
details must be well defined. In the case of sonar 
domes this is complicated by the fact that both 
acoustic design and structural design are involved 
and it is not always a simple matter to reconcile 
them. For example, it is presently accepted that 
plastic framing is unsatisfactory from the acoustic 
standpoint. 

c. Careful inspection is necessary to assure that 
the reinforced plastic structure conforms to all re- 
quirements. 

d. Reinforced plastic structures must be handled 
and installed by personnel trained in working with 
such materials. Damage during installation has con- 
tributed to failures. 

e. The ships force also must be given training in 
regard to maintenance and repair of reinforced 
plastic. 


Radar tower 


Consideration has been given to the construction 
of a plastic tower 85 feet high for mounting certain 
radar equipment on the very top of the CAG-1. 
(Figure 13) This tower would be composed of three 
platforms tapering from 50 feet square at the base. 
The tower might weigh 60,000 pounds and would 
support 12,500 pounds of equipment at the three 
levels. 

Such a tower is being considered because of the 
low dielectric loss, low dielectric constant and struc- 
tural properties of the glass reinforced plastic mate- 
rials. The low dielectric characteristics would enable 
the antenna to be located within the structure, 
rather than exterior to the structure as is common 
with metal supports. The enclosing and supporting 
plastic structure would be similar to a radome. In 
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addition to the structure being electrically trans- 
parent, it would afford protection of the electronic 
equipment from the normal environmental condi- 
tions. 

This proposed tower is considerably larger than 
anything previously built of reinforced plastic. Many 
conditions as listed below represented new and more 
severe service conditions than encountered in pre- 
vious plastic structures: 

(a) Battle damages 

(b) Roll and pitch accelerations 

(c) Stack gases 

(d) Ice and wind loads 

(e) Salt and soot removal 
Two basic approaches are being considered. The first 
is that of a completely enclosed structure resembling 
a series of large radomes. The other is a truss struc- 
ture supporting the platforms. The latter would con- 
sist of a series of vertical legs or columns. It would 
not provide complete protection to the equipment 
but would reduce the problem of resisting windage 
and blast damage. 

Although the preliminary design study has not 
been completed, the structure is considered feasible 
and practicable of reinforced plastics. This con- 
clusion is based on the basic knowledge of the mate- 
rial and experience with other shipboard plastic 
structures over the past five years. 





Figure 13. Proposed Plastic Radar Tower for CAG 1. 


PIPING 
General 


The self extinguishing characteristic and the rela- 
tive high levels of strength and toughness of the 
high impact type rigid vinyl chloride resins have 
attracted considerable interest. Accordingly, con- 
siderable effort has been expended to develop these 
resins in sheet, tube and molded forms to a point of 
usefulness for Naval ships. Materials were exam- 
ined, deficiencies were corrected through coopera- 
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tive work with the producers and satisfactory prod- 
ucts and standards obtained. These materials have 
found use in the ABC washdown system (Figure 
14) as pipe and fittings and in one minesweeper as 
ventilation ducting. 





Figure 14. Wash-Down Piping. 


Plastic Ventilation Ducting 





Figure 15. Plastic Ventilation Duct Sections. 


Plastic materials have certain characteristics 
which make them adaptable to ducting. Of most 
importance is corrosion resistance especially in con- 
nection with corrosive vapors in battery systems. In 
general plastics are lighter than metals. The low 
rigidity, however, offsets most of the potential 
weight savings in a ducting system. The non-mag- 
netic property is of value in minesweepers. Less 
noise transmission is expected to be an advantage 
of plastic over metal ducting. 

Projects to investigate the possibilities of plastics 
in ducting were pursued by several naval activities 
and by private contractors. Material thicknesses re- 
quired, means of fabrication, assembly and installa- 
tion, and relative costs were established. 

Two basic types of materials were investigated— 





rigid, high impact vinyl chloride sheets and mold- 
ings of glass fiber reinforced polyester. The latter 
material was not carried beyond a preliminary state 
because it is not fully adaptable to most shipboard 
ducting problems. The materials cannot be post 
formed on the job into the numerous shapes re- 
quired, standard shapes are not available and the 
problem of molding ducts to the required configura- 
tions is uneconomical. 

The rigid vinyl chloride material is a thermoplas- 
tic with adequate ductility for forming and ade- 
quate fire and heat resistance for certain applica- 
tions. It was therefore carried to a ship installation. 

During the spring of 1957, the Consolidated Ship- 
building Company installed about 15 per cent of 
the ventilating ducting made of the vinyl sheet ma- 
terial in the wooden minesweeper Bittern (MHC 
43). Since the installation was experimental many 
variations were used. Thicknesses from .050 to %4” 
were employed. Joints were made of adhesives, hot 
air welding, rivets, bolts and lock seams. Panel 
stiffness was obtained by the fastening of transverse 
stiffening members and by creasing the panel. The 
various configurations common to metal ducting 
systems were formed of both cold and hot vinyl 
sheet by sheet metal forming techniques. Figure 15 
shows some of the items used. Figure 16 shows a 
mock-up prepared in advance of the ship installa- 
tion. 





Figure 16. Mock-Up Plastic Ventilation Duct. 


Another vinyl sheet installation was made by the 
San Francisco Naval Shipyard on an open tank 
battery system on USS Spinax (SSR 489). This 
system was produced by methods similar to those 
used by Consolidated Shipbuilding Company. 

At the time the MHC 43 installation was planned, 
the relative weights and gauges for various round 
duct sizes of vinyl sheet and aluminum were as 
shown in Table III. 
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TaBLe IIJ—Non Watertight Ducts 


VINYL SHEET ALUMINUM 
Thickness Weight Duct. Dia. Thickness Weight 
Inch Ibs/sq.ft. Inches Inch Ibs/sq.ft. 
050 0.42 6 .034 46 
063 0.54 8 .040 58 
094 0.79 10 .040 58 
094 0.79 12 .051 .74 


The actual cost of the plastic ducting installed in 
the Bittern was roughly double that of the equiva- 
lent amount of aluminum ducting. The labor was 
about 60 per cent of the total installed cost and 
the material 40 per cent. It is estimated that future 
installations of vinyl plastic duct system would be 
about 40 per cent greater than a comparable alumi- 
num system. This reduction is estimated to be pos- 
sible mainly because of the experience gained in the 
first installation. Lower material cost of about 20 
per cent since this installation also contributes to 
the expected future cost. 

Rigid vinyl ducting will likely be more costly 
than metal for some time. The materials are more 
expensive to begin with and there is very little ex- 
perience in naval or private shipyards with their 
use. The fabrication of vinyl sheets into ducts is so 
nearly the same as with sheet metal that no sub- 
stantial savings are expected in the fabrication 
operation. 

Such ducting, however, may be very worthwhile 
where weight savings are essential or where cor- 
rosive atmosphere prohibits metals or where some 
other unique characteristic of plastic is necessary. 


INSULATING MATERIAL 
General 


Low density cellular plastic products called foams 
are available or are being developed. Their densi- 
ties range from 1 to 30 pounds per cubic foot. They 
are both rigid and flexible. In some the cells are 
interconnected as in a sponge and in others essen- 
tially all the cells are isolated from each other. They 
are made from a variety of resin types. The most 
important to the Bureau are those from such ther- 
moplastics as polystyrene, vinyl chloride and such 
thermosetting resins as urethanes, epoxies and 
phenolics. 

Our program is principally for the study of prom- 
ising material developed by commercial concerns to 
develop engineering data of value for specific pur- 
poses in ship construction, inspection methods and 
application techniques. These studies are applicable 
to present and proposed uses for buoyancy, thermal 
and acoustical insulation, energy absorption and 
void filling and cores for structural sandwiches. 
Such characteristics as closed cell content, fire re- 
sistance, strengths, thermal conductivity and effects 
of moisture are of importance. 


Examples 
In March of 1957 Mare Island Naval Shipyard in- 


620 A.S.N.E. Journal, November 1960 





Figure 17. Freeze Room. 


stalled the first polyurethane foam as thermal in- 
sulation in a refrigerator space. This installation 
(Figure 17) on the USS Grayback (SSG 574) has 
been highly successful. The foam was directly sub- 
stituted for the fiberglass originally intended. The 
refrigerator space was completely fabricated in the 
usual manner but without the fiberglass insulation. 

Openings 14%” in diameter were cut in the plat- 
form deck and in the curved surfaces of the CRES 
sheathing inside the refrigerator space. Through 
these openings the liquid urethane foam was intro- 
duced by a machine provided and operated by a 
commercial concern. The liquid flowed to the low- 
est point in the individual cavities from which it 
expanded to completely fill the space. When the fill 
was completed the openings were closed by CRES 
discs held in place by an adhesive. Such openings 
can be welded closed. The heat developed melts the 
foam adjacent to the weld similar in extent to the 
damage done to a painted steel surface. 

In July 1958 the Electric Boat Division installed 
a similar urethane plastic foam in USS Skipjack 
(SSN 585). In this installation the foam was 
poured in batches by hand through funnels into the 
cavities. The separators used to position and fasten 
the sheathing were of prefoamed plastic strips. Cer- 
tain vinyl chloride plastic tubes and strips were em- 
ployed to provide complete isolation of the inside 
of the space from the exterior. 

The urethane foam used in these installations 
weighed from 2 to 3 pounds per square foot in the 
Grayback and from 5 to 6 in the Skipjack. The 
thermal conductivity of the foam plastic material is 
little lower than the fiberglass. The coefficient of 
heat conductivity, K, of the foam is 0.21 compared 
to the fiberglass and cork at 0.22. The foam adheres 
to the surfaces against which it foams thus provid- 
ing a complete insulation through the refrigerator 
wall and providing continuous structural support to 
the sheathing. The foam will not shake down and 
will not take on water since there is no way for wa- 
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ter to enter. Breather spaces are not needed. All 
minor cracks, holes, or openings in the cavity are 
shut by the foam as it rises and seeks to escape. 

These experimental installations cost nearly the 
same as the conventional ones of glass and cork. 
They are expected to result in better insulation 
efficiency and much lower maintenance cost. 

The urethane materials used in these installations 
are quite new. Much is yet to be learned about their 
efficient manufacture and use. New raw materials 
and foaming techniques have resulted in substan- 
tially lower prices and better insulating efficiencies 
within the past few months. These developments in- 
sure that urethane plastic foam will find extensive 
use as refrigerator space insulation in future ships. 
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Figure 18. Innerbottom Installation. 
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CAULKED LEAD 


Large quantities of another thermoplastic, poly- 
ethylene, are being used as a neutron barrier ma- 
terial in the shielding system for nuclear power 
plants. Here the polyethylene is used because of its 
high hydrogen content per unit of weight and cost. 
Each nuclear submarine requires over 50,000 
pounds of polyethylene installed as boards to form 
a thick shielding barrier around the reactor. (Fig- 
ure 18.) 


MISCELLANEOUS ITEMS 


Over the past several years, many proposals have 
been made to produce shipboard items of reinforced 
plastics which are now made of sheet steel or alumi- 
num. In some instances trial installations have been 
made. Among other items are chairs, berth pans, 
joiner doors, wash basins, urinals, tables and 
benches. (Figure 19) 

One of the most often quoted disadvantages for 
such items in plastics is the potential hazards in 





Figure 19. Plastic Basins. 


shipboard fires. Since these materials will burn they 
are generally considered inferior to aluminum and 
steel items. Even though this factor were eliminat- 
ed, there are other considerations such as the lack 
of commercial and shipyard experience and unfa- 
miliarity with plastics and with their fabrication 
which have delayed the acceptance of plastic items. 
It was easy to convert to aluminum from steel be- 
cause the processes for working the two materials 
are similar. Plastics require new design concepts, 
vastly different fabricating procedures, and in many 
cases are economically attractive only when a rela- 
tive large number of identical items are produced. 


In certain cases, however, both weight and cost 
savings as well as adequate performance has been 
shown for plastic items compared to aluminum. An 
example was a berth pan developed by Mare Island. 
The Shipyard developed a berth pan design, built 
tools and produced a number of apparently satis- 
factory units. 

The following are estimates of weights and cost 
by Mare Island: 


Weight (#s) Cost 
La. ee LEPOR IE SRG be aslo eae 21% $ 55 
ORIN? 55a CER Ga econ anaes 2914 $122 


Subsequent estimates from Norfolk Naval Ship- 
yard did not agree with the Mare Island estimates. 
The Norfolk figures did not indicate a worthwhile 
advantage to plastic units. 

Recent developments in plastic materials and 
processing have resulted in a number of successful 
volume items similar to those mentioned above. For 
instance, plastic chairs are produced by the tens of 
thousands per year. They are being sold in compe- 
tition with those made of other materials. Drawers 
for furniture, bins and trays and a variety of con- 
tainers of plastic are finding widespread use. Com- 
plex assemblies of sheet metal are being replaced 
by monolithic moldings of plastics in certain auto- 
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motive equipment such as heater housings and sport 
car bodies, in railway coaches such as seats and 
wash rooms, and in trucks such as fenders, refrig- 
erated compartments and cabs. 


SUMMARY 
Plastic materials are beginning to find a signifi- 
cant place among the engineering materials used in 
the construction of naval vessels. They have demon- 


strated economic and service advantages in a va- 
riety of uses. Dielectric, foamed, reinforced, cast, 
and coating materials derived from the magic of 
polymer chemistry offer a potential for improve- 
ment that we cannot ignore. Marine applications 
will expand as more is learned of the performance 
of plastics and of the methods of design, fabrication, 
inspection, installation, and repair of equipment and 
components made from these new materials. 
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CUSHIONCRAFT 


The latest manifestation in the development of supra-surface craft 
which hover above water or land is that Britten-Norman, Ltd., of Bem- 
bridge Airport, Isle of Wight, have successfully tested their Cushioncraft. 
This prototype craft has been constructed to study its potential as a 
cargo-carrier for the banana plantations in the South Cameroons. 


A circular construction of 18 feet, 10 inches in diameter and about 8 feet 
in height, the Cushioncraft has an empty weight of about one ton. A driver 
and two passengers are carried in a cab mounted on the deck where there 
is also cargo space. The craft is designed to operate some 12 to 15 inches 
above the surface of the water or ground. 


The basic principle of operation is that air is ejected inwards from the 
undersurface through a nozzle, which extends around the whole perimeter. 
A region of high pressure air is thus generated beneath the craft, which 
in turn deflects the curtain of air outwards. When the cushion is estab- 
lished, the air curtain is of circular profile touching the surface of the 
water or ground before wasting to the atmosphere. Apart from being a 
source of air to replenish the cushion as required, the air curtain is a seal 
that provides a pressure step between the cushion and the atmosphere. 


The basic components of the Cushioncraft are, therefore, an air intake, 
a compressor driven by an engine, a nozzle arrangement—which in sim- 
ple form is a single nozzle extending around the periphery of the craft— 
and an area of structure within the air curtain which takes the uniform 
cushion load. 


In this prototype craft the power unit is a 4-cylinder, twin-overhead- 
camshaft car engine developing up to |70 B.H.P. This drives a large com- 
pressor which runs round the circumference of the craft, and also twin 
rear-mounted variable-pitch propellers which provide the horizontal pro- 
pulsion. 


In some other designs of air cushion craft, a jet or jets are supplied by 
air ducted outwards from a centrally mounted fan or compressor. The 
Cushioncraft's rotor, by running round the periphery, reduces losses by 
keeping the length of ducting to a minimum. 


The compressor, which is driven mechanically by a friction wheel at the 
rear of the craft, consists of 40 aerofoil blades fixed radially to an inner 
and outer shroud ring, the whole being kept in place by a series of rollers. 
The compressor is mounted in a short vertical duct. Below the rotor this 
duct curves inward so that the air is directed towards the centre of the 
craft. The duct is 10 inches wide at the efflux, the resultant "thick" jet help- 
ing to stabilise the craft when riding on the air cushion. 


—from THE SHIPBUILDER AND MARINE ENGINE BUILDER 
August, 1960 
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INTRODUCTION 


A T THE DAWN of the nineteenth century the dy- 
namic theory of heat was only partly accepted. Ex- 
periments involving thermometry, and the thermal 
properties of solids and gases brought to light 
many new laws, some of them independent of the 
nature of heat itself. The outstanding example was 
the deduction by Carnot [1] of the Second Law of 
thermodynamics, which Callendar [2] demon- 
strated to be valid under either of the theories of 
heat current at that time. 

In Britain, Joseph Black had worked with the 
idea of specific heats and had formulated a concept 
of latent heat [3]. However, a very great con- 
tribution was made by a group of French scientists 
and mathematicians, and it is to a sampling of this 
contribution that this paper is addressed. The meas- 
urement, application, and manipulation of specific 
heats received great impetus at the hands of a few 
outstanding workers; they paved the way to un- 
derstanding for all who followed. 


MEASUREMENT OF C, FOR A GAS 


Partington [4] considers that the first measure- 
ments on the constant pressure specific heat of a 
gas were made by Lavoisier and Laplace. [5] Their 
method involved the measurement of inlet and out- 
let temperatures of a gas flowing through a spiral 
coil of tubing embedded in ice, and a determination 
of the quantity of ice melted. 

Gay-Lussac [11], using a method proposed origi- 
nally by Crawford, attempted to determine the 
specific heats of gases by heating samples in glass 
vessels then immersing the flasks in water. From 
the temperature rise of the water the heat capacity 
of the system was computed. Corrections were ap- 
plied for the effects of the glass walls. These partic- 
ular results of Gay-Lussac were of historical in- 
terest only, for he inferred erroneously that C, was 
a function of pressure even though the experiments 
were run at low pressures. 

A second of his conclusions (I)* was that heat 


* Roman numerals refer to quotations in the Appendix. 
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capacities increased as the specific gravities de- 
creased. This suggests that he had stumbled on 
the high specific heats of hydrogen (which he in- 
cluded in his study) and thought that an underlying 
general law related the specific heat and the speci- 
fic gravity. This second conclusion was also in 
error; his stimulation of the work of others was 
his principal contribution in this area. 

Somewhat later, Delaroche and Bérand [6] un- 
dertook some extensive experiments on gases. Diffi- 
culties in instrumentation led to poor results. For 
example, the values of C, for air and oxygen listed 
as being greater than water vapor by 19.5 per- 
cent and 57.6 percent respectively. However this 
work had important consequences, as will be shown 
presently. 

Regnault [7, 8] was one of the greatest workers 
in the field of calorimetry. Some of his measure- 
ments of the specific heats of gases are remarkably 
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close to those in use today. He painstakingly re- 
fined the instruments and apparatus available in his 
day. For water vapor he reported C,—0.475, sur- 
prisingly close to the modern value, and as he said 
—“barely half that found by Delaroche and 
Bérard.” 


THE DIFFERENCE BETWEEN THE SPECIFIC HEATS 


The difference between the specific heat at con- 
stant pressure and the specific heat at constant vol- 
ume, (C,—C,) was investigated by Carnot. [1] In 
his magnificent memoir of 1824 he gave the world, 
in addition to the Second Law of thermodynamics 
and the concept of the reversible cycle, the first 
statement on the constancy of the difference be- 
tween the two specific heats. 

It must be remembered that no one had measured 
the specific heat at constant volume at that time. 
In fact the accurate measurement of C, was not 
done until the experiments of Joly [9, 10] (1886- 
1891). The earlier investigators had worked only 
on values of the specific heat at constant pressure, 
and although values of C,/C, had been found Car- 
not worked from a different approach which was 
more basic. 

His method involved two premises: first, the 
statement of Poisson that for a sudden compression 
of a gas the volume decreased by (41) for each 
1°C temperature rise; second, the Gay-Lussac rule 
that in the neighborhood of °0 C, direct heating 
of a gas under constant pressure caused a volume 
increase of (14,7) for each degree rise in tempera- 
ture. He perceived that whether the gas was heated 
one degree by compression, or by direct heating 
at constant volume, the same intrinsic energy was 
involved. He was therefore able to write the specific 
heat ratio as: 


dQ, /dQ,=C,dT/C,dT=C,/C,= (1/116+1/267) / 
SND «+6 caeuvews (1) 
If C, is arbitrarily taken as unity: 
C,—=267/ (267+-116) —0.698 
Carnot rounded this off to 0.700, and thus: 
(C, —C,) =1—0.700—0.300 
This was the first published value for the gas con- 
stant, R, in the familiar equation: 
i ey aera (2) 
To reconcile the steps in his method with modern 
thermodynamic thinking, the “sudden compres- 
sion” of the gas must be interpreted as a reversible 
adiabatic compression. Also the Gay-Lussac value 
of the ice point at 267° C absolute, was somewhat 
below the present accepted figure. Be that as it 
may, Carnot deduced a fundamental relationship 
within the limits of pressure and temperature exist- 
ing at that time, in spite of the inadequacy of the 
basic data. His statement (II) is a model of simpli- 
city and clarity: 
“The difference between specific heat un- 
der constant pressure and specific heat un- 
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der constant volume is the same for all 
gases.” 
Using the C, values of Delaroche and Berard [6] 
Carnot published the specific heat values shown in 
Table I, taking C, for air arbitrarity as unity: 


TABLE I 
Gas C, C, 
BEDE ce irhinccae cca tebees doh 1.000 0.700 
WRN 52 55's Saree bc naan eeuaeed 0.903 0.603 
CE SEE osc oie cces sce eeenmestes 1.258 0.958 
RRS Re WR DR PIR Reema Sern n ay 2D 0.976 0.676 
ee ers rete oar tere 1.000 0.700 


The presently accepted value of R=1.985 is the 
difference between the molal specific heats near 
room conditions. Carnot’s value of 0.700 for C,/C, 
closely approximates modern values as shown in 
the third column of Table II. In the extreme right 
hand column the present day ratios of C,/C, air 
are shown. These when compared to the first col- 
umn in Table I, indicate how crude the Delaroche 
and Berard measurements must have been. 





TABLE II 
Gas Cc Cc. C./C, C,/C, air 
WA 5 saree ws op tow ats 0.241 0.172 0.714 1,000 
PEVGUOMN os 5 6 Sais 3.42 2.44 0.714 142 
CA ye biarce ete 0.205 0.160 0.782 0.850 
ONO. 6 és seniowes 0.217 0.155 0.716 0.901 
REMI iv cg bis Semas' 0.247 0.176 0.713 1.025 


THE RATIO OF THE SPECIFIC HEATS 

At the time under consideration many physicists 
and mathematicians were interested in the measure- 
ment of the velocity of sound. Since the days of 
Newton efforts had been made to reconcile his iso- 
thermal equation with the measured values of the 
velocity of sound. Laplace [12,13] is credited with 
the discovery that during the propagation of a sud- 
den compression wave time is too short to permit 
isothermal conditions. As a consequence, the pro- 
cess is adiabatic, and the equation must be modified 
by introducing the ratio of specific heats under the 
radical: (III) 


age bo 
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Sonic velocity—\/C, (pressure) /C, (density) 


MI doce cuir ees (3) 


An attempt at the direct measurement of the 
ratio of specific heats was made in the classic ex- 
periment of Clement and Desormes. [14] Using a 
28 liter vessel with a stopcock and manometer, and 
with air as the gas to be tested, the vessel was par- 
tially exhausted and the pressure, p, was noted at 
the time the air had returned to room temperature. 
The valve was then opened briefly and quickly 
closed. Air from the room entered the vessel and 
compressed that already inside. When the tempera- 
ture equilibrium was again reached the pressure 
p’ was read. During the first step there was an iso- 
thermal pressure change: 

pyv=p'v’ 
The second step is adiabatic: 
pv“—Pv« where P—=atmospheric pressure. 

Combining equations: 

k=(log p—log P)/(log p—log p’) .... (4) 
Clement and Desormes found k=1.351 for air. 
While this is lower than currently accepted values, 
there was undoubtedly moisture present and this 
would have reduced the value of k. 
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Poisson [15] is generally credited with first ob- 
serving that pv'—constant, although both Laplace 
and the workers cited above made use of the ratio 
of specific heats as an exponent. 

Dulong [16] made some interesting studies on 
ssecific heats, reporting specific heat ratios of: 


TaBLeE III 

Gas k 

Be fete osc Lely cab ens cneeiick cee 1.421 

EE a Ca bocce Gan bane eee 1.415 
1.417 
1.413 

SI 9 ing Sc Gea ca mown ode « kaaee 1.409 
1.405 


As he worked with the diatomic gases it is not sur- 
prising to find that he expected an equal tempera- 
ture rise in all gases for a sudden compression, 
however his statement on the dependence of the 
specific heat at constant volume is not valid. (IV) 
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CONCLUSIONS 


It is not possible to do justice to all of the early 
French workers on specific heats, even to those 
mentioned above, in so brief a paper. However, the 
undergraduate student working at his elementary 
textbook on thermodynamics might find his labors 
more interesting if he had some appreciation of 
the hard work and the false starts that fell to the 
lot of those who paved the way. Teaching is always 
aided when a subject is presented in an historical 
framework and much more could be done to this 
end. 
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APPENDIX 


(I) “Les capacités des gaz pour la calorique, sous 
des volumes égaux, sont d’autant plus gran- 
des, que leurs pesanteurs spécifique sont plus 
petites.” 

(II) “La différence entre la chaleur spécifique 
sous pression constante et la chaleur spécifi- 
que sous volume constant est la méme pour 
tous les gaz.” 





Henri-Victor Regnault. 


(III) “La vitesse réelle du son est égale au produit 
de la vitesse que donne la formule newto- 
niéne, par la racine carrée du rapport de la 
chaleur spécifique de l’air soumis a la pres- 
sion constante de l’atmosphere et a diverses 
températures, a sa chaleur spécifique lorsque 
son volume reste constant.” 

(IV) “I° que des volumes égaux de tour les fluides 
élastiques pris 4 une méme température et 
sous une méme pression, étant comprimés ou 
dilatés subitement d’une méme fraction de 
leur volume, dégagent ou absorbent la méme 
QUANTITE ABSOLUE DE CHALEUR; 2° 
que les variations de TEMPERATURE, qui 
resultent sont en raison inverse de leur cha- 
leur spécifique a VOLUME CONSTANT.” 
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TUBES FOR CARGO HEATING COILS IN OIL TANKERS 


For many years steel pipe, 2” SPS 
(2.375” OD x 0.154” wall) or heavier, 
has been used in grids for steam heat- 
ing crude oil cargos in tankers. Heat is 
applied while the tanker is under way 
to keep the oil fluid so it can be speedily 
pumped into receiving lines when the 
ship reaches port. 

Crude oil is corrosive to steel at the 
temperatures reached at the surface of 
the pipe, especially when salt solution 
is present. Further rusting and pitting 
occur when the compartment is bal- 
lasted with sea water or when it is 
cleaned with hot sea water at high 
velocities. As a result, steel pipe heat- 
ing coils may begin to fail within two 
years, and complete replacement must 
often be made within five years. 
Certain copper alloys are highly resist- 
ant to corrosion under these conditions 
and have the further advantage of 
being galvanically cathodic to the steel 
walls of the compartment. The area of 
the coils is small compared to the area 
of the compartment walls, so no signifi- 
cant galvanic corrosion of the steel 
structure takes place. 
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Anaconda Arsenical Admiralty-439 

tube coils have been on test for over 
two years in a cargo compartment of 
National Bulk Carriers’ 45,000-ton 
tanker, S.S. Phoenix, operating be- 
tween the Near East and the United 
States. Inspection shows no significant 
corrosion. This alloy is believed to be 
the most economical one for oil tanker 
heating coils. 
Aluminum brass heating coils have been 
in use successfully for several years, 
and for the tubes in such coils Ana- 
conda Ambraloy-927 can be furnished, 
but it is higher in price than Arsenical 
Admiralty-439, which has adequate 
corrosion resistance. 

Tube sizes equivalent to nominal 
114”, 114” and 2” Type K water tube 
(1.375” OD x 0.065” wall, 1.625” x 
.072”, and 2.125” x .083”, respectively) 
would be considered for the makeup of 
a heating system. The tubes are thus 
considerably lighter in weight than 
steel pipe. 

Tubes are furnished soft so that they 
may be bent by the use of suitable 
bending equipment. Bends should be 


relief annealed at about 800°F to re- 
move bending stresses. 

The use of flanged fittings for assem- 
bling heating grids has been largely 
supplanted by expanding the end of 
one tube to fit over another and braz- 
ing the joint. Where fittings are re- 
quired, cast red brass fittings, attached 
by silver alloy brazing, are quite satis- 
factory. 

Technical Service: Anaconda metallurgi- 
cal engineers are available for consul- 
tation on the use of tubes in oil cargo 
heating and to aid in selecting the best 
tube alloys for your heat exchanger re- 
quirements. For such assistance, see 
your Anaconda representative or write: 
Anaconda American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ont. 5960B 


ANACONDA 


TUBES AND PLATES FOR 
CONDENSERS AND HEAT EXCHANGERS 


Anaconda American Brass Company 
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A BouT 130 years ago, Michael Faraday discovered 
that a conductor moving in a magnetic field could 
be made to generate an electric current. This prin- 
ciple has traditionally been applied to produce elec- 
tric power by mechanically rotating solid copper 
bars past energized field windings. However, Fara- 
day’s experiments also showed that power can be 
generated by substituting a flowing liquid metal, 
such as mercury or some other conducting liquid, 
for the copper bars. A device that uses a fluid con- 
ductor to produce an electric current is a magneto- 
hydrodynamic generator. 


THE MHD GENERATOR 

The word magnetohydrodynamics, abbreviated 
MHD, stands for the branch of physics that encom- 
passes both electromagnetic and fluid-dynamic phe- 
nomena. Practical realization of MHD power gen- 
eration appears at the present time to depend on 
the use of a conducting gas. For the gas to be con- 
ducting, a certain number of free electrons must 
be present, along with an equal number of ions, 
plus the main body of un-ionized gas. The most di- 
rect approach te partially ionize gas, and thereby 
make it conducting, is to heat it sufficiently. How- 
ever, the temperatures required for sufficient gas 
ionization in this case are beyond the limits of use 
of all known materials. 

However, when a gas is “seeded” with an alkali 
metal, such as potassium or cesium, adequate elec- 


trical conductivity can be realized at somewhat low- 
er temperatures—in the range of 4000 to 5000°F. 
The possibility of MHD generation, as currently 
conceived, hinges on the small region of overlap 
between the temperatures that a few materials are 
able to tolerate, and the temperatures that are nec- 
essary, even with seeding, to obtain adequate elec- 
trical conductivity. 

In an MHD generator, hot ionized gas travels 
through a magnetic field, which is applied at right 
angles to the flow, and past electrodes that are in 
contact with the stream of gas (Figure 1b). Elec- 
trons in the gas are deflected by the field and, be- 
tween collisions with other particles in the gas, they 
make their way diagonally to one of the electrodes. 
An electric current is produced as the electrons 
move from the anode, through the load, to the ca- 
thode, and back again to the gas stream. 

The voltage at the terminals of an MHD genera- 
tor is directly proportional to the intensity of the 
magnetic field, the gas velocity, and the distance be- 
tween electrodes. A generator will supply maxi- 
mum power when the load connected to its termi- 
nals has a voltage drop equal to one-half of the 
open circuit voltage. 

Near peak power, the efficiency of a magnetohy- 
drodynamic generator may be as low as 50 per 
cent, because of the I? R losses. But efficiencies in 
the 80 to 90-per cent range are possible when the 
generator is operated somewhat below maximum 
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Figure 1(a). This sketch illustrates Faraday’s original con- 
cept, which formed the basis for the unipolar (or homo- 
polar) generator; (b) The MHD generator employs the same 
principles, with a conducting gas replacing the moving bar. 


power. This corresponds to the efficiency of a con- 
ventional steam turbine-generator combination, 
which is about 80 per cent. 

The overall thermal efficiency of a plant using an 
MHD generator might be as much as 60 per cent, 
compared with 40 to 42 per cent for the most mod- 
ern conventional power plants. The high efficiency 
of the MHD plant arises principally from the high 
temperature that is used; this high temperature is 
required for gas ionization. 


MHD GENERATOR CYCLES 

Power systems using MHD generators fall into 
two categories: open systems where the working 
gas consists of products of combustion, and closed 
systems in which an inert gas, such as argon or he- 
lium, is continuously recycled. The complete system 
in either arrangement require a compressor to over- 
come the pressure drop normally occurring in the 
MHD generator, and a regenerator and waste heat 
boiler to recoup maximum energy from the hot gas 
stream. 

One possible arrangement for a _ closed-cycle 
MHD plant is shown in Figure 2. The gas consists 
of helium, seeded with two-per cent cesium. The 
plant shown would generate 380 megawatts. Since 
the MHD generator develops direct current, a con- 
verter is required to produce an ac output. 

The capital cost of the converter would be ap- 
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Figure 2. A proposed 380-mw central station p‘ant using 
an MHD generator as the power source. 


preciable, although not prohibitive. Scientists are 
also studying the possibilities of direct MHD gen- 
eration of ac power. Several approaches to this 
problem appear promising. 

The MHD generator for the system shown in 
Figure 2 would be 50 to 60 feet long, and would 
operate at about 4000°F. A reactor may be used as 
the heating device. However, the development 
problems of this reactor, or of the heat exchanger 
that preheats the gas stream should not be under- 
estimated. 

A boiler is used to recover heat from the gas 
stream and generate steam. This steam drives a 38- 
megawatt turbine, which powers the gas compres- 
sor. The steam turbine is assisted by a motor, which 
consumes some of the MHD generator output. 

To circumvent reactor development problems, 
two other possibilities are being considered: (1) a 
combustion-fired external heater could be used in 
the closed loop helium system of Figure 2; or (2) 
an open system could be used in which the combus- 
tion gases pass directly through the MHD genera- 
tor. The latter arrangement is shown in Figure 3. 
In this case, a surplus of power can be generated 
in the steam loop so that an electric generator is 
present, replacing the dc motor used in the closed 
system. Operating temperatures in the MHD gen- 
erator in the open system must be higher, however, 
because electron mobility is lower in combustion- 
product gases than in helium. Another difference is 
that potassium rather than cesium is used for seed- 
ing because cesium is too costly to discharge. In 
either case, means would have to be taken to avoid 
air pollution by the hydroxides of the seeding ele- 
ments. 


RESEARCH IN MHD 
Problems ahead in MHD generation development 
are in the general areas of physics, materials, and 
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Figure 3. Magneto-hydrodynamic open system using fossil 
fuels. Combustion products replace helium-cesium mixtures 
in conventional units. 


engineering technology. Further work needs to be 
done in laboratories to obtain more reliable data on 
conduction of electricity in gases, and to provide a 
better understanding of the basic mechanisms of 
energy and momentum exchange in the MHD gen- 
erator. 


Materials must be developed to better withstand 
high temperatures, sudden temperature changes, 
and chemical interaction with the alkali-metal seed- 
ing materials. New engineering and design ap- 
proaches must be found to build durable parts of 
ceramic, which have conventionally been made of 
metal. Durable electrodes must be developed to 
withstand high temperatures and chemical attack, 
and yet they must be good conductors. 

To study these problems, several lines of research 
are being pursued. First is a basic study of ma- 
terials and their properties, and investigations in 
gaseous electronics. Secondly, two experimental 
MHD generators have been built and are in opera- 
tion. One of these is relatively small, for laboratory- 
type studies; it burns hydrogen and oxygen, seeded 
with potassium. 

The second, generator project is a larger ma- 
chine, which has generated about nine kilowatts. 
About twice this figure is expected ultimately. The 
machine has been run for four minutes continuous- 
ly. This generator burns diesel oil and oxygen, with 
potassium soap dissolved in the oil as a seeding ele- 
ment. Oxygen, rather than air, is used merely as a 
convenience to avoid the need for a large air pre- 
heater. Flow rates are 0.8 lb/sec of oxygen and 
0.3 Ib/sec of oil-soap mixture. 

The generator field, 14,000 gauss, is produced by 
an electromagnet, which is mounted on a platform 
that can be raised or lowered. 


Although MHD devices for producing short 
bursts of power have already been demonstrated 
and may offer potential in specialized applications, 
such as in satellite communications systems, a gen- 
erator must operate continuously for the practical 
generation of commercial electric power. The ma- 
chine referred to previously which burns diesel oil 
and oxygen, is the only MHD generator that has 
been able to produce kilowatts of power over a sus- 
tained period of time. Further, this generator op- 
erates on combustion products rather than on a gas 
heated by an electric arc. In short, it demonstrates 
generation of electric power directly from a hot gas 
stream produced by a combustion process. 

The generator section proper has a flow cross sec- 
tion of 154g by 4% inches, and is 16 inches long. 
Three pairs of graphite electrodes are mounted on 
opposite sides of the stream, with a distance of 4% 
inches between their faces. The insulating side 
walls are of 1% inch thick zirconia. Flow of the 
combustion gas is 1.1 pounds per second at the de- 
sign point, and the temperature is about 4600°F. 
The velocity is approximately 1800 miles per hour, 
at a pressure of about one atmosphere (total tem- 
perature is 5000°F). The oil-soap mixture is burned 
with oxygen in a specially designed swirl-type com- 
bustion chamber that discharges into a mixing 
plenum, and then into the generator proper. Water- 
cooled side walls are used throughout the genera- 
tor, and zirconia lining is used everywhere except 
in the combustor flame tube, which is made of 
stainless steel. 

This model is being used to investigate generator 
sidewall designs, electrode materials and configura- 
tions, power distribution in the generator, chemical 
reactions with the seeded gas, operating character- 
istics of the MHD generator, electrode potential 
drops, and potential and temperature distributions. 


THE FUTURE OF MHD 


Before a practical power source using MHD gen- 
eration can be built, much work remains to be done 
on the problems already mentioned. 

For straight-through MHD generators, several 
configurations are possible, including constant pres- 
sure, constant area, and constant velocity designs, 
or various combinations of these. Other geometries 
also should and will be investigated. The indirect- 
fired closed-loop system, adapted to direct ac gen- 
eration, would seem to be one of the most promis- 
ing arrangements upon which to concentrate vigor- 
ous effort. 

Scientists are now actively pursuing the back- 
ground researches, the material studies, and the 
development work that will be essential if MHD 
power is to become a practical reality. 
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The core for the N. S. SAVANNAH was, for the first 
time, made critical (at zero power) in an open test 
tank at B&W’s Critical Experiment Laboratory at 
Lynchburg, Virginia. Except for pressure and temper- 
ature, conditions of loading and start-up as nearly as 
possible duplicated those in the reactor pressure 
vessel. Design and engineering calculations were con- 
firmed within closer limits than had been predicted. 


Since radioactivity during and after operation will 
preclude further close inspection, tests such as these 
permit flexibility and accuracy impossible in the oper- 
ating environment. Successful completion of the tests 
on this core—designed and built by B&W— is another 
step toward the sailing of the SAVANNAH—and the 
nuclear future of our merchant marine service. The 
Babcock & Wilcox Company, 161 East 42nd St., New 
York 17, New York. 


THE BABCOCK & WILCOX COMPANY 
NUCLEAR POWER APPLICATIONS 
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One of a number of proposals by the Heavy Plant Division of Associated 
Electrical Industries Ltd. for a 300,000 shp quintuple-screw liner is here brief- 
ly discussed. Turbo-electric machinery, with initial steam conditions of 1,500 
psi and 1,000 degrees F, would be put forward for such a vessel. Two dual- 
line turbo-alternator sets with reheat are favored, and a propulsion-only fuel 


rate of 0.376 Ib per shp-hr is envisaged. 


ke QUESTION OF how any future very large pas- 
senger vessel would be powered is one of great 
fascination to every marine engineer. It is over 
thirty years since the machinery of the Queens was 
initially designed; and since they went into service 
advances in marine steam engineering in Europe 
and the United States have been significant—even 
dramatic. As the number of companies who would 
require a very large ship of high power and speed 
must necessarily be limited it is not surprising that 
few proposals of this kind have actually reached 
the design stage. The American liner United States 
is the most noteworthy vessel of this type to be 
completed in recent years but virtually nothing has 
been published about her machinery. It is popular- 
ly claimed that she has what is virtually an instal- 
lation of U.S. Navy aircraft-carrier machinery of 
the latest type. 

An article in the January issue of The Marine 


Engineer and Naval Architect promoted correspon- 
dence on this subject and has led to our being able 
to describe a firm proposal recently put forward by 
the Heavy Plant Division of Associated Electrical 
Industries Ltd., probably better known to our read- 
ers as the B.T.H. of former years. This company’s 
experience of turbo-electric drive is, of course, 
lengthy and impressive. The first large turbo-elec- 
tric ship which they engined was the Viceroy of 
India of 1928, and since then a number of vessels of 
different types have been fitted with their turbo- 
electric machinery. Among these are the Strathaird 
and Strathnaver of 1931, the fast New Zealand ves- 
sel Rangatira, the post-war ships Hinemoa and 
Maori, the single-screw tanker Helicina and her 
sisters of about 1946 and, more recently, the four 
Shell standard 18,000-tonners. 

Briefly, the project to be discussed is to install 
two sets of 150,000 shp cross-compound dual-line 
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reheat turbo-alternator sets taking steam at 1,500 
psi and 1,000 deg F, with reheating at 375 psia and 
1,000 deg F. This generating plant would supply 
power to five 60,000 shp at 250 rpm double-unit 
synchronous propulsion motors. The dual line sets 
would each consist of two shafts mechanically in- 
dependent, but locked in parallel electrically and 
with a series-parallel steam flow. As far as the gen- 
erating plant goes, this is simply taking major base- 
load power station practice to sea. A.E.I. Ltd. are 
building five such turbo-alternator sets for a public 
utility in South America and the propulsion motors 
put forward would actually be of slightly smaller 
dimensions than those supplied by A.E.I. for the 
Canberra due to the higher propeller speed. The 
proposal presents no problem from an engineering 
point of view. 

By generating in such large units the electrical 
transmission losses could be guaranteed at 4 per 
cent,* which it is claimed is a lower figure than the 
combined astern turbine windage and reduction 
gearing losses of a conventional geared turbine in- 
stallation. The use of unirotational turbines would 
enable the highest practical steam conditions to be 
used without the complication and loss of efficiency 
arising from the need to provide for rapid thermal 
transients when maneuvering or going astern. The 
steam temperature chosen, moreover, does not call 
for the employment of very costly austenitic steels. 

The turbo-alternator sets would be running all 
the time while maneuvering so that power could be 
applied to the propellers instantly. Full ahead pow- 
er would always be available astern. 

The propulsion motors can be laid out to the best 
advantage to reduce shafting lengths as they are 
independent of the position of the generating plant; 
this is well brought out in the accompanying ma- 
chinery layout drawing. A further advantage is 
that more economical running conditions can be ob- 
tained at reduced speeds by shutting down one 
turbo-alternator. Absence of vibration and gearing 
noise are favorable points for a turbo-electric pas- 
senger ship layout, while propeller-induced hull vi- 
bration can be kept to the minimum by electrically 
synchronizing the shafts in any predetermined 
phase relationship. So much for general considera- 
tions and advantages. Let us now examine the pro- 
posals a little closer. 


TURBO ALTERNATORS 
Each set of 150,000 shp propulsion turbines 
would consist of two lines of rctating machinery 
as follows: 


A-line. An eleven-stage double-casing H.P. turbine, a 
three-stage section of the IP. turbine, a six-stage dual-flow 
double-casing L.P. turbine and a 56,860 kw two-pole air- 
cooled turbo-type alternator. 


* This figure allows a margin for the supply of excitation 
by a considerably less ent auxiliary turbine. The transmission 
losses, excluding excitation, are 3 per cent. 
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B-line. A twelve-stage section of the I.P. turbine, a six- 
stage dual-flow double-casing L.P. turbine and a 56,860 kW 
two-pole air-cooled turbo alternator. For each line there is 
a separate governor and single axial-flow condenser of fab- 
ricated construction. 


All the turbine rotors would be machined from 
solid forgings to obtain high critical speeds, short 
axial length, good factors of safety and freedom 
from loose wheels, features which aid starting and 
loading and assist in ensuring wheel stiffness and 
the avoidance of blade vibration problems. The 
steam rotors would be solid-coupled throughout 
and would be located axially by a Michell thrust 
in the center pedestal bearing. 


The steam flow is from the boilers through the 
emergency stop valves and nozzle group control 
valves to the H.P. turbine on A-line at 1,500 psi and 
1,000 deg F. The steam leaves the H.P. turbine at 
390 psi and passes to the reheater where the tem- 
perature is restored to 1,000 deg F, returning to 
the three-stage section of the I.P. turbine, still on 
the A-line, at 360 psi. On leaving this short LP. 
section the steam crosses over to the B-line and en- 
ters the eleven-stage I.P. section. After this the 
steam flow divides, half returning to the six-stage 
double-flow L.P. turbine on the A-line and half 
continuing to the B-line double-flow L.P. turbine. 

A dual-wall H.P. turbine casing is necessary to 
cope with changes in boiler pressure and tempera- 
ture such as might arise during rapid maneuvering. 
Steam would be admitted in a symmetrical manner 
to avoid distortion. Separate steam chests would be 
located at the front or side of the set as convenient. 

The entry of reheated steam into a separate I.P. 
casing, although increasing the length of the set, 
avoids a complex multi-H.P.-I.P. steam inlet ar- 
rangement of the H.P. casing, and also enables the 
hottest steam zone to be near the center of span. 
Increased space is also made available for the IP. 
steam intercept control and emergency valves and 
piping. (A reheat set of these dimensions requires 
additional trip valves before the I.P. turbine as 
otherwise the volume of steam in the reheater, not 
being under control of the governor, might still 
cause the turbine to overspeed after the main 
T.S.V. had closed.) 

The exhaust casing outer shell would be of fab- 
ricated construction for strength and lightness. Ro- 
tor blading would be of chrome molybdenum alloy 
steel for the H.P. and earlier LP. stages and chrome 
alloy steel for the later ones. The H.P. cylinder 
would have built-up diaphragms with chrome mo- 
lybdenum alloy segments and webs of forged 3 per 
cent chrome molybdenum steel. All the I.P. stages 
would be of built-up type except the last three, 
which would be in high-grade cast iron with 
chrome alloy steel plates cast in position. This con- 
struction would be adopted for the L.P. dia- 
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Figure 1. Diagrammatic layout of turbo-alternator and propulsion motor rooms for a proposed trans-Atlantic liner of 300,000 shp distributed over five screws. Proven 
land power station practice would be freely drawn upon for the turbo-alternators and the synchronous propeller motors would be double-unit machines with indepen- 
dent axial-flow ventilating fans and air coolers. Steam conditions would be: 1,500 psi and 1,000 degrees F. and the steam would be reheated to 1,000 degrees F. 
after leaving the high-pressure units. An estimated specific fuel consumption (propulsion only) of 0.376 Ib per shp per hour is suggested as is a weight figure for 
the main machinery and its essential auxiliaries of 110 shp per ton. 
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Figure 2. Basic steam flow and feed heating diagram for one set of 150,000 h.p. generating plant. 





Both A and B lines would have twin governors, 
one to operate at 25 per cent full speed for maneu- 
vering and the other adjustable from 85 per cent to 
above the maximum running speed, when it would 
act as a pre-emergency governor. Speed control 
would be by a single lever. The gland sealing sys- 
tem would be automatic throughout the speed and 
load ranges, and provision would be made for de- 
superheating the steam used for sealing the low- 
temperature glands. 


ALTERNATORS 


The two-pole turbo-pattern propulsion alterna- 
tors would be connected to their respective L.P. 
turbines by bellows-type flexible couplings. They 
would have class B insulation and would be air- 
cooled, with axial integral coolers. The rotors could 
be withdrawn forward, as indicated in the sketch. 

The essential auxiliaries, excluding salt water 
circulating pumps, for one set of machinery, would 
comprise: — 

Two main lubricating oil pumps. 

One barring lubricating oil pump. 

One jacking lubricating oil pump (for floating rotors). 

Two oil coolers. 

Two mechanical/magnetic discharge oil strainers. 

Two sets of electronic supervisory equipment for indicat- 
ing and recording differential expansion, shaft eccen- 
tricity and bearing vibration. 

The five main synchronous propeller motors 
would be double-unit machines having 24 salient 
poles, with squirrel-cage windings in the pole shoes 
so that they could operate as induction motors 
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when starting and reversing. They would be self- 
lubricating and fitted with jacking pumps for run- 
ning at low speeds. They would have class B in- 
sulation and internal heaters to prevent condensa- 
tion during shut-down periods. This provision ap- 
plies also to the propulsion alternators and control 
gear. They would be ventilated by independent 
axial-flow fans and air coolers mounted on the 
frame. Fittings would include tacho-generators, 
Selsyn transmitters for propeller rotation indica- 
tion and thermo-couples for the supervisory panel. 
These propeller motors would, it might be men- 
tioned, be too large to dispatch from the works as 
single items, and would have to be reassembled on 
the dock side. 


EXCITATION 


The alternators would be separately excited by 
air-cooled generators driven in tandem at 1,200 rpm 
with each of the four auxiliary turbo-alternators. 
Each exciter would be continuously rated to excite 
two propulsion alternators (i.e., 100 per cent stand- 
by) at full power, and short-time rated to deliver 
boost excitation when maneuvering. The exciters 
would themselves be energized by pilot exciters 
running at 1,800 rpm and driven by Vee-belts from 
the main machines. The propeller motors would be 
excited by supplies taken from three silicon recti- 
fiers, each capable of supplying half the total exci- 
tation requirement. These silicon rectifiers would 
be air cooled and take incoming supplies through 
transformers at 440 volts 60 cycles. 
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Figure 3. Simplified electrical main circuit diagram show- 
ing detail of reversing contactors. The set-up switches are 
opened to enable the connections between alternator and 
motor stators to be made on a dead circuit. They also en- 
able one alternator set to supply all the propulsion motors 
by means of the cross-connections. Reversing is carried out 
by changing over the connections between any two phases 
(in the instance shown, A & C). This diagram also shows 
how the five shafts can be “mechanically-paralleled” 
through the center shaft motor. 


Comprehensive supervisory instrumentation 
would be supplied for each power plant and for 
the electric transmission only could embrace the 
following: — 


Speed and direction indicators, giving turbine and pro- 
peller revolutions. 

Propeller rotation indicators and revolution counters. 

a-c voltmeters and phase changeover switch. 

a-c ammeters. 

d-c excitation voltmeters. 

d-c excitation ammeters. 

Plug-in type wattmeters for measurement of electrical 
power supplied by each propulsion turbo-alternator set. 

Integrating kwhr meters. 

shp indicating meters. 

Thermocouple indicators with multi-way switch for stator 
windings and cooling systems. 

Earth alarm bells with cut-out switch, and indicating 
lamps for alternators. 

Alarm bells with cut-out switch and separate indicating 
lamps for excessive temperature of cooling air from 
alternators and propeller motors. 

Short-circuit relays and excitation tripping devices for 
the propulsion circuits. 


BASIC TURBO-ELECTRIC DRIVE 
The simplest form of turbo-electric drive com- 
prises a turbo-alternator and a synchronous pro- 


peller motor equipped with a squirrel-cage induc- 
tion winding for starting. Three levers are provid- 
ed, for direction, starting and speed. The starting 
procedure would be to run the turbo alternator at 
25 per cent of full speed under governor control 
and then, using the direction lever, close the ap- 
propriate contactors for ahead or astern operation, 
as required. These contactors connect the alterna- 
tor stator to the propeller motor stator on a ‘dead’ 
circuit. The starting lever is then operated to ex- 
cite the alternator field only, causing the propeller 
motor to run up to nearly 25 per cent of full speed 
ahead or astern, as an induction motor, and then 
to excite the propeller motor field so that it is syn- 
chronized to the alternator. The speed lever is then 
used to adjust the turbine speed. To reverse, the 
speed lever is returned to the maneuvering posi- 
tion (25 per cent full speed) and propeller motor 
and alternator excitation is removed by operating 
the starting lever. The propeller motor stator is re- 
switched on ‘dead’ circuit for opposite rotation with 
the direction lever. Excitation is then restored and 
speed adjusted as before. Mechanical interlocks 
ensure that the three levers can only be operated 
in the correct sequence. 

Applying this principle to a five-shaft proposal 
introduces little complication, for although each 
propulsion turbine comprises two separate lines A 
and B, driving identical alternators, they are elec- 
trically locked in synchronism, and are therefore 
treated as a single unit. Turbine speed is thus un- 
der the control of a single speed lever and ship 
speed under the control of two—one port and one 
starboard. The center screw would not be powered 
when maneuvering and the port turbine would 
power the port outer and inner screws, while the 
starboard turbine would supply current indepen- 
dently to the starboard outer and inner screws. 
Maneuvering could, therefore, take place as on a 
twin-screw ship and, in one proposal, only a single 
direction lever for operating the reversing contac- 
tors and a single starting lever for operating the al- 
ternator and motor field contactors for those drives 
associated with each turbine would be needed on 
each side. 

An alternative would be to provide direction and 
starting levers for each propeller motor. This would 
permit the two motors associated with a turbo-alter- 
nator to be driven in the same or opposite rota- 
tions, or one motor only to be powered as required. 
This would, however, call for additional watch- 
keepers when maneuvering. 

Once the ship had proceeded clear of harbor the 
center screw would be powered. Each propulsion 
motor would have two electrically-independent 
units and one unit of the center propeller would be 
fed in parallel with the two port motors from the 
port turbo-alternator, and the other unit would be 
similarly powered from the starboard turbo alter- 
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nator. The speed of all motors would still be con- 
trolled by two speed levers. 


PROPELLER BLADE PHASING 

It would be possible to synchronize the five 
screws at sea with the blades at a predetermined 
phase relationship, in order to minimize hull vibra- 
tion. This can be done if individual starting levers 
are provided for each propeller motor. Such pro- 
cedure would be effected as follows: The port and 
starboard alternators would be run at quarter 
speed, driving the five motors as induction ma- 
chines, as in the normal method of starting. Both 
units of the center propeller motor would be ex- 
cited so that it ran as a synchronous motor. This 
operation would synchronize the port and star- 
board turbo-alternators, each becoming ‘mechan- 
ically-paralleled’ through the motor shafting. The 
next step is to excite, and thereby synchronize, the 
motors on the outboard and inboard shafts in turn, 
as their associated screws achieve the required 
blade relationship with the center screw. The speed 
of the two turbo-alternator sets is then raised as 
required. Load sharing between them presents no 
difficulty. When mechanically paralleled through 
the motor shafting, the port and starboard drives 
are completely independent electrically. The cor- 
rect blade relationships would be adjusted prior to 
synchronizing by varying the slip of the propeller 
motors. Precise indication of blade position could 
easily be arranged on the control panel by means 
of differential Selsyns. 

Considerable part-load economy could be ob- 
tained with a turbo-electric plant of this type, as 
up to 70 per cent of full-load speed could be 
reached with the motors powered by one turbo- 
alternator set. By slightly increasing the alternator 
size only, this maximum of 70 per cent full speed 
on one turbine could be increased to 80 per cent. 


AUXILIARY POWER 

So far, the generation of auxiliary power has not 
been mentioned. A feature of turbo-electric drive 
which is worth considering is the powering of 
auxiliaries, particularly those in the engine room 
that can operate over a frequency range, from the 
propulsion circuit, resulting in an improved overall 
fuel consumption. Once the ship is approaching 
service speed, auxiliary power can be taken from 
the propulsion circuit through step-down trans- 
formers. Alternatively, an auxiliary unit of prob- 
ably 3,000 kw could be built into the propeller mo- 
tor to generate at the required voltage, without in- 
creasing the motor dimensions. 


SUMMARY OF PROPELLING MACHINERY 


Power, maximum continuous ....300,000 shp at 250 rpm 
pe eae Five 
No. of poles—alternators ......... Two 
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No. of poles—propeller motors ...24 
SUN ME ook cd cenwseccet eee. 3,000 rpm 


Propeller motor rating (each) ...60,000 shp 
6,600 volts 
Propulsion circuit .... 00063 cc0e. 50 cycles per second 
Three phase 


1.0 power factor 
Efficiencies (excluding excitation) 


NINE coc ccna oben cee eere 98.63 per cent 
—propeller motor .............. 98.4 per cent 
Propulsion turbines 

IL isis ele cel eistiores Se wice ied maces Two 

Noha toe eee bac seeker Cross-compound reheat, 
dual line 

—Rating, each ................. 113,720 kw 

—“A” line consists of .......... Eleven-stage H.P. cylinder 
Three-stage section of I.P. 
cylinder 
Six-stage twin-flow L.P. 
cylinder 

—“B” line consists of .......... Twelve-stage section of 


LP. cylinder 
Six-stage twin-flow L.P. 


cylinder 
ee EE TE TILT EE 1,500 psig 
1,000 deg F 
ce ee en eee ee 1,000 deg F and 375 psia 
NE Lee ctied sa Bits cen enee 29.0 in Hg 
—Sea water temp. ............. 60 deg F 
—Final feed water temp. ...... 435 deg F 
Consumptions— 
Total alternator output, per 
I aaa os kg = eilsdin'c sek unie 64 113,720 kw 
Heat consumption at alternator 
MED 2.04 tv invins caeves cuca 8083.3 Btu/kw hr 


Steam consumption at alternator. .6.650 lb/kw hr 
Heat consumption at propeller 
ESOS re pr ree 6128.2 Btu/shp-hr 
Assume:—calorific value of fuel 
18,500 B.T.U. per Ib. and boiler 
efficiency of 88 per cent 
Estimated specific fuel 
GIES pvc tensictasccvecdes 0.376 lb/shp-hr 
Feed heating particulars— 
The following figures are based on:— 
Three HP. heaters, deaerator, two L.P. heaters and drain 
cooler; the H.P. heater drains being cascaded to the 
deaerator. 


Pressure Heat Feed 
Place at heater Content, Temp., 
(psia) Btu/Ib deg F 
WIE BES ceoto tas ets s to — 1488.05 — 
H.P. exhaust (to reheater 
and No. 6 heater) ........ 404.6 1360.6 435 
I.P. initial (from reheater) .. — 1522.4 —_ 
7th LP. (No. 5 heater) ...... 152.1 1425.0 350 
llth LP. (No. 4 heater) ..... 80.0 1361.0 301 
15th I. P. (deaerator) ....... 37.5 1293.0 263.8 
2nd L. P. (No. 2 heater) .... 14.88 1220.0 202 
4th L.P. (No. 1 heater) ..... 4.85 1145.0 150 
ES OAR, om 29.0 Vac. 1029.9 — 


Excitation requirements (continuous) 
—Alternator at sliprings) 


UIE s aSudein pteles vcs cs ceeun 200 kw 
—Propeller motor (at 
SUBEINEE) OREM. e858 252 kw 
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Excitation sources (continuous) 


Weights, totals 
























—Alternator main exciter, —Turbines—“A” lines ......... 440 tons 
NS us ere Rae abe 5 0 oss 420 kw —Turbines—“B” lines ......... 340 tons 
—Propeller motor silicon recti- <n PAIURFEMAUONS © 55 625i sien kc poi eboee' 744 tons 
fier cubicle, each (d.c.) ...... 660 kw —Auxiliaries for above ........ 35 tons 
Lubricating oil requirements —Propulsion motors ........... 1050 tons 
—Propulsion turbo-alternator <r MAURO ON ONE os oigcic sis ee Saies 50 tons 
NMI pacers 0-5 0:3 Geass oinibiardid are 550 gpm —Alternator exciters .......... 36 tons 
—Propeller motor .............. Self lubricating —Propulsion motor rectifiers... 15 tons 
Cooling water requirements, totals PALES 
A <a 2000 gpm DORE es ek tyes $s ieee dan 2710 tons 
—Propeller motor air coolers ..2900 gpm 
t, —Turbo-alternator set oil 
coolers ...... stteecceeccoeecs 400 gpm striking to the power-generation engineer ashore. 
—Main exciter air coolers ...... ae Nevertheless, the steam rate and specific fuel con- 
der Auxiliary power requirements (at sea), totals : h a ae ; fi 
‘Pp. —Propeller motor sumption show the advantage of generating in very 
excitation (a.c.) ..........065 1375 kw large units. 
2 —Propeller motor vent'n. fans.. 225 vd A criticism which has always been levelled at 
: —Main lub oil pumps ........ leew turbo-electric machinery is that of weight, but the 
NE ee ek 1700 kw figure of 2,710 tons represents the remarkable fig- 
> ree ure of 110 shp per ton. On the all important matter 
These figures, put forward by one of the fore- of cost, it is believed that such machinery could be 
most electrical manufacturing companies, are quite produced at a realistic price per installed shp. What 
remarkable when considered from the viewpoint of could the advocates of a comparable geared turbine 
the marine engineer, although probably not so installation offer as an alternative? 
| 
| o De OOoadric 
B i 
| 4 
OIL RESISTING RUBBER 
ain 
the 
| 
FOR PROPELLER SHAFTS 
8 
There is a size and type of Cutless Bearing for every powered boat or vessel. 
Soft rubber, water lubricated, Cutless Bearings out-wear all other bearing materials. 
LUCIAN Q. MOFFITT INC. 
AKRON 8, OHIO 
Engineers and National Distributors 
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IN THE GLEAMING ENGINE ROOM OF PENNSYLVANIA SUN, Westinghouse geared turbine develops 18,500 shp 


to speed the new tanker over the seas. 


Half a century’s experience proves dependability 


In 1909, Westinghouse built America’s first suc- 


cessful marine reduction gear . . . equipped the 
first geared turbine ship in 1911. Since then, 
Westinghouse has been a leading source of main 
propulsion, reduction gearing and related equipment 
to meet the marine industry’s rigid requirements. 

For example, the UNITED STATES, powered 
by Westinghouse, has held the Atlantic speed record 
for eight years. She has logged more than a million 
miles at 30 knots or better without a minute lost due 
to engine trouble. The Westinghouse-equipped 


PRESIDENT GARFIELD holds the Pacific record, 
speeding across 6300 miles in less than 13 days. 


Two of the latest ships having Westinghouse 
marine equipment are the PENNSYLVANIA 
SUN, queen of Sun Oil Company’s tanker fleet, and 
the MORMACPRIDE, new Moore-McCormack 
freighter. The SKATE, NAUTILUS and other 
nuclear subs cruise millions of undersea miles with 
reliable, trouble-free Westinghouse propulsion 
turbines, gearing, turbine-generators and auxiliary 
equipment. 





ABOARD PENNSYLVANIA SUN, a single Westinghouse auxiliary condenser (3090 sq ft) 
collects exhaust from the two ship service turbine-generators. 


a 


ABOARD THE MORMACPRIDE, a passenger-carrying cargo ship: one of the two 600-kw 
Westinghouse ship service turbine-generator sets. 


| of Westinghouse marine equipment 


Behind the continuing superior performance of 
Westinghouse marine equipment: a massive research 
investment. From Westinghouse research have come 
new gear designs, better turbine blading materials 
and remarkable motor and generator insulations. 
Westinghouse efforts to reduce submarine equip- 
ment noise promise new, more efficient propulsion 
apparatus for all ships at sea. 

Westinghouse record as a leading supplier of long- 
lasting, low-maintenance equipment for merchant 
and naval ships is your assurance of top quality 


and performance. A call to your Westinghouse 
representative starts a coordinated planning and 
manufacturing program so that your equipment is 
perfectly matched, electrically and mechanically. 


Westinghouse Electric Corporation, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. J-92050 


Westinghouse 








SHE’S 
BUILT 
FOR 


SPHED 


Even landlubbers can recognize 
the promise of speed in the knife- 
like bow of the USS Long Beach, 
shown in an outfitting basin at 
Bethlehem Steel’s Quincy, Mass., 
shipyard where she’s under con- 
struction. This 721-foot, 14,000- 
ton guided-missile cruiser will be 
the U. S. Navy’s first nuclear- 
powered surface ship . . . capable 
of higher sustained speed and 
greater cruising range than any 
vessel now afloat. 

Within a few hundred feet of 
the Long Beach, though not visible 
in this picture, another distinc- 
tive naval craft is taking form in 
the Bethlehem yard. She’s the 
7,600-ton USS Bainbridge, sched- 
uled to be the U. S. Navy’s first 
nuclear-powered, guided-missile 
frigate. She, too, will be capable 
of high speeds and virtually un- 
limited cruising range. 

The completion of these nu- 
clear-powered ships marks the 
begirtning of a new era in ship- 
building, ane that calls for the 
cumulative skills and talents of 
Bethlehem Steel . . . for more than 
50 years a leading builder of ships 
for the U.S. Navy. 


SHIP REPAIR YARDS 


Boston Harbor New York Harbor 
Baltimore Harbor Beaumont, Texas 
Los Angeles Harbor San Francisco Harbor 


SHIPBUILDING YARDS 


Quincy, Mass. Beaumont, Texas 
Sparrows Point, Md. San Francisco, Calif. 
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Telephone: Digby 4-3300 


BETHLEHEM STEEL 
Shipbuilding Division 


GENERAL OFFICES: 25 BROADWAY, NEW YORK 4, N. Y. 


Cable Address: BETHSHIP 
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INTRODUCTION 


‘= DISCUSSION of nuclear power for ship propul- 
sion is restricted to the merchant-ship application 
and is concerned with the possible development of 
a new means of propulsion which may prove to be 
more attractive economically than oil fuel, at least 
for certain types of ship. Bearing in mind the diffi- 
culty which exists in establishing small nuclear 
power stations competitive with those burning fos- 
sil fuels, it is possible that it will be many years 
before nuclear power makes any appreciable im- 
pact on our merchant fleet. For large ships there 
may be a gradual change over to nuclear propul- 
sion, but it does not seem likely that this process 
will be rapid or will extend to smaller vessels, un- 
less there are new developments which give nuclear 
power the promise of being more economical than 
conventional machinery by a substantial margin. 

There are many factors involved in this applica- 
tion of nuclear power, but rather than cover the 
subject in a general way it seemed appropriate to 
give a short appraisal of the present position and to 
follow this by a more detailed consideration of nu- 
clear fuel and fuel cycles which may be used for 
this application. 


TYPE OF SHIP 
Some idea of the production of marine engines in 
this country can be seen from Table I in which is 
given the number of main engines completed be- 
tween April, 1956, and April, 1957, for ships over 
100 tons gross and 120 shp. It will be seen that most 
of the main engines are of less than 10,000 shp but 
it should be mentioned that the number in the 
15,000-20,000 shp category is increasing because of 
the trend towards larger tankers. At present there 
seems little hope that nuclear power will be eco- 
nomically attractive for outputs of less than 20,000 
shp and the possibilities are therefore limited at 
present to large oil tankers and fast passenger 
liners. Because of the potential hazards with nu- 
clear propulsion, it seems unlikely that nuclear pro- 
pulsion will be applied to passenger vessels until 
there has been considerable experience with this 
new form of propulsion and consequently attention 
is almost entirely confined to large tankers at 
present. 
_ Large tankers are used for the carriage of crude 
oil and in general the cost of transport of oil de- 
creases with the increase in size of tanker. Limita- 
tions are imposed by draft restrictions at terminal 
ports and by the Suez Canal. At the present time 
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Taste I—Marine Main Engines Completed 
between April, 1956, and April 1957 
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the largest tankers under construction in this coun- 
try are of about 65,000 tons deadweight and of 
20,000-22,000 shp. The 65,000 ton deadweight tank- 
er may well be the first application of nuclear 
power in a British merchant ship and most of the 
studies which are now being made are centered on 
this type of ship with a shp of about 20,000. 

During recent years there has been a rapid in- 
crease in the number of large tankers on order and 
in service throughout the world. In July, 1956, there 
were eight vessels over 40,000 tons deadweight in 
service or launched and 79 being built or contract- 
ed. The corresponding figures for January, 1957, 
were 21 and 190 respectively, and for July, 1957, 
47 and 347 respectively. 


TANKER ECONOMICS 


Studies have been made of the economics of 
tanker operation as this subject is very relevant to 
an investigation of types of reactor for this applica- 
tion. The approach which has been adopted in the 
B.S.R.A. investigations has been to compare a 
nuclear-powered tanker with a conventional vessel 
of the same deadweight. It has been assumed that 
the service speed of the nuclear tanker is the same 
as that of the conventional vessel of the same dead- 
weight since the investigation showed that, unless 
nuclear fuel costs and machinery costs are reduced 
to a very low level, any increase in speed is un- 
likely to be justified. The main variables in the eco- 
nomic analysis are the cost of the reactor and the 
annual fuel cost. Recent estimates of reactor 
weights for 20,000 shp output give figures ranging 
from about 1,500-2,000 tons and a nuclear-powered 
65,000 ton tanker with this range of reactor weight 
has roughly the same carrying capacity as the con- 
ventional vessel. 

Other factors such as the reduced frequency of 
refuelling of the nuclear vessel do not have any 
noticeable effect on the economics and a good as- 
sessment of the attractiveness of the nuclear ship 
can be obtained by investigating whether the sav- 
ing in the annual fuel bill will justify the additional 
machinery cost arising from the amount by which 
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the cost of the reactor exceeds that of the conven- 
tional boilers. 

A rough comparison on these lines for 65,000 ton 
deadweight 20,000 shp tankers is given in Figure 1 
on which two lines are drawn corresponding to oil- 
fuel prices of 120s. and 150s. per ton and these lines 
represent the break-even lines for nuclear propul- 
sion to have economic parity with conventional 
machinery. 

Capital charges of 15 per cent were assumed and 
these included depreciation, return on capital in- 
vestment and insurance. The oil-fuel price of 120s. 
per ton is the present-day average between U.K. 
and Persian Gulf ports. It is generally thought that 
the cost of oil fuel at present is somewhat depressed 
and as the economic attractiveness of nuclear ships 
is strongly influenced by the cost of conventional 
oil fuel, the effect of a price increase to 150s. per 
ton is also indicated on Figure 1. It seems unlikely 
that this latter price will be exceeded in the next 
10-20 years unless there is a disarrangement of 
supplies. 

It will be seen from Figure 1 that on the basis of 
present-day oil-fuel costs the maximum cost which 
can be justified for the reactor is of the order of 
£1% million if the nuclear fuel cost were zero. This 
maximum cost falls off to nothing at the point where 
nuclear-fuel costs equal oil-fuel costs. 

Nuclear propulsion will be attractive commercial- 
ly only if the reactor and fuel cycle selected show 
potential for development which will lead to reduc- 
tion in both capital and fuel costs below the line 
indicated in Figure 1. The need to reduce nuclear 
fuel costs leads to a study of the alternative fuel 
cycles and for a reactor to have some potential for 
capital-cost reduction the size of the system must 
be small, there must be some limitation on the use 
which is made of expensive materials, and manu- 
facturing costs must be low. 





ANNUAL FUEL COST IN £1000'S 














500 1000 1500 
PERMISSIBLE REACTOR COST IN £1000'S 

Figure 1. Permissible reactor cost to achieve economic 
parity with conventional machinery for 65,000 ton dw. 
tankers on Mena-Canal-U.K. route. 
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NUCLEAR FUEL CYCLES 

The use of nuclear fuel is much more complicated 
than that of fossil fuels because of the expenses in- 
curred in the fabrication and chemical processing 
of the fuel elements and the interest on the capital 
invested in nuclear fuel. Thus although from a long- 
term point of view it is important to make the high- 
est possible utilization of nuclear fuel, the require- 
ment from a short-term point of view is to use a 
fuel cycle which will give the lowest overall fuel 
cost and this may not necessarily correspond to the 
highest utilization. 

This point may be illustrated by referring to the 
nuclear-power-station program in this country. The 
graphite-moderated natural-uranium reactors are 
expected to achieve a fuel utilization of perhaps 
one-half per cent by the time the fuel elements are 
removed and this might be extended to perhaps 2 
to 3 per cent by recycling the plutonium recovered 
from the spent fuel. It is, however, doubtful wheth- 
er it will be economic to recycle plutonium in these 
reactors especially as it seems likely that the price 
of natural uranium will fall in the next few years. 
Thus it may be preferable to think of these natural- 
uranium reactors as consumers of natural uranium 
and producers of civil plutonium and to consider 
the most economic use which can be made of this 
secondary fuel. 

The best utilization of civil plutonium would 
probably be obtained in a fast reactor but the prac- 
ticability and economic attractiveness of this scheme 
has not yet been established. Another possibility 
might be to use it in a reactor of the high-tempera- 
ture gas-cooled type using thorium as a fertile ma- 
terial. It might also be used for enrichment of nat- 
ural uranium in various types of thermal reactors. 
The major difficulty in considering plutonium as a 
reactor fuel is that the nuclear properties are more 
complicated than those of uranium 235 and have not 
been established accurately. Also little plutonium 
has in the past been available for experimental 
studies. Consequently the present-day approach is 
to design reactors to use either natural uranium or 
uranium enriched in the 235 isotope in a diffusion 
plant, and to consider the use of plutonium for re- 
cycling or enrichment as developments which may 
take place in the future. Present-day estimates of 
the economics of feeding plutonium into slightly 
enriched uranium reactors are not likely to be very 
accurate and operating experience is required to 
substantiate such estimates. 

From the point of view of the marine applica- 
tion the possible utilization of civil plutonium is of 
great interest because it may be available in large 
quantities in this country by about 1970 and be- 
cause it is concentrated nuclear fuel and may per- 
mit small core sizes. Moreover the consideration of 
its use may lead to new reactor concepts better 
suited to the marine application. For this reason the 
B.S.R.A. Atomic Energy Team at Harwell has for 


the past year been making a study of the possible 
use of civil plutonium as a marine fuel and some 
preliminary thoughts on this subject are given in a 
later section of this paper. This work is, however, 
looking very much to the future but it may well be 
that only by a consideration of the future possibili- 
ties can a concept be produced which is potentially 
attractive to the ship owner. 

In considering the present position regarding the 
possibility of applying nuclear power to marine pro- 
pulsion attention has to be confined to reactor sys- 
tems using enriched uranium fuel. There are a large 
number of possible reactor types and recently a 
number of firms and consortia in the United King- 
dom have proposed designs for nuclear reactors for 
ships. [1] 


TYPES OF REACTOR 


Reactors for the marine application must be 
rugged and reliable. Complicated designs showing 
only marginal advantage over simpler concepts are 
not likely to be favored for the first nuclear-pow- 
ered ships. 

A general appreciation of the various alternative 
types of reactor burning slightly enriched uranium 
which have been proposed for marine application 
can be obtained by considering them in two classes: 
(a) the pressurized-water reactor and further de- 
velopments of this type, and (b) the gas-cooled 
graphite-moderated reactor and more advanced 
gas-cooled types which can be considered to be de- 
rived from it. These two classes are now discussed 
separately. 


The Pressurized-water Reactor 


Hydrogen is a very efficient moderator and small 
cores are possible without excess neutron leakage 
but the absorption of neutrons by the hydrogen is 
sufficiently large for it not to be possible to use 
natural uranium. 

The pressurized-water reactor was first developed 
in the United States for submarine propulsion and 
for this application highly enriched fuel is used 
which is far from being economic. The design of a 
reactor of this type but of a larger output and more 
economic was initiated in the United States for an 
aircraft-carrier project and this design formed the 
basis of the nuclear power station at Shippingport, 
which has now been in operation for nearly two 
years. The reactor core contains natural-uranium 
seed besides the highly enriched fuel and the seed 
fuel elements are in the form of uranium oxide pel- 
lets in zirconium alloy cans. Although the burn-up 
of these seed elements obtained to date is limited, 


- loop tests indicate that a burn-up of at least 10,000 


MW-days of heat per ton may be possible with this 
type of fuel element. This is much larger than is 
expected from uranium metal fuel elements and 
oxide fuel has been proposed in most of the recent 
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design studies of marine reactors, both liquid-and 
gas-cooled. Uranium oxide has the advantage that 
a large proportion of the fission products are re- 
tained at a high temperature and it is compatible 
with the water coolant. Also, the rate of leaching 
out of fission products from the reactor of a sunken 
ship may be expected to be very low. 

In order to achieve reasonable steam tempera- 
tures the primary circuit pressure of a pressurized- 
water reactor is usually of the order of 2,000 psi 
and this high pressure is one of the disadvantages of 
this system. Another disadvantage is the need for 
stainless steel in the primary circuit. The capital 
cost of this type of reactor appears to be very much 
higher than the sum which can be justified from 
the economic standpoint, and it is difficult to see 
how the cap‘tal cost of this type of reactor can be 
reduced except through developments leading 
either to boiling being permitted in the core with 
a reduction in circuit pressure to about 1,000 psi, 
or by the use of an organic liquid instead of water 
permitting pressures of about 200 psi or less. 

There are, however, uncertainties connected with 
the use of both the boiling-water and organic-liquid 
systems. With the boiling-water system there are 
doubts about the control of the reactor when sub- 
ject to ship motions and it may well be that the 
amount of boiling which can be permitted is se- 
verely limited. Only a small amount of experience 
has so far been accumulated on the behavior of 
organic liguids in nuclear reactors and although 
loop tests have been favorable there remains the 
possibility that during operation, particularly under 
fault conditions, deposits of polymer may accumu- 
late on the fuel element surfaces. Much more op- 
erating experience is required before there can be 
complete confidence in this type of reactor. 
Graphite-moderated Reactor 

This type originated from the original Calder 
Hall design and in its most advanced form, i.e. 
A.G.R., uranium oxide fuel elements similar to 
those adopted for the water-moderated systems are 
proposed. The use of heavy water, light water, 
beryllium oxide and zirconium hydride have been 
proposed in place of the graphite and in some of 
these alternatives such as the heavy-water-moder- 
ated system, steam cooling may be preferred in that 
it leads to a reduction in the size of the heat ex- 
changer and may allow decay heat to be removed 
without the operation of a mechanically driven 
pump or blower. 

The advantage of this class of system over the 
pressurized-water type is that it has promise of 
high-temperature operation and good thermal effi- 
ciencies. Temperatures high enough for the use of a 
gas turbine drive to be contemplated may eventual- 
ly be achieved and it is interesting to note that a 
study of high-temperature reactors of this general 
type for marine propulsion is being made in the 
United States by the General Dynamics Corpora- 


646 A.S.N.E. Journal, November 1960 


tion under contract from the Maritime Commis- 
sion. A recent report [2] of this study indicates a 
preference for graphite moderation and helium 
cooling. 

The potential attractiveness of the gas-cooled 
graphite-moderated reactor would appear to depend 
on the degree of enrichment of the fuel. If a very 
low enrichment is necessary to achieve low fuel cost 
the size of the graphite system would tend to be 
too large for marine use. Also the moderator tem- 
perature coefficient of reactivity would probably be 
positive and this is not a desirable characteristic. 


ASSESSMENT OF REACTOR TYPES 


Fuel Costs 

The slightly enriched uranium fuel cycle entails 
enrichment of natural uranium in a diffusion plant, 
fabrication into fuel elements, chemical processing 
of used fuel to recover the plutonium produced for 
which credit is given and also of the depleted ura- 
nium which also has some value and is returned to 
the diffusion plant for enrichment. Until this fuel 
cycle is being used in this country on a fairly large 
scale it will not be possible to estimate the costs 
accurately, but the indications are that the total 
cost of fuel for any marine reactor using this fuel 
cycle is not likely to be much below that of oil fuel. 
Moreover, because accurate estimates cannot be 
made of the rate of build-up of the plutonium iso- 
topes it is not possible to assess accurately the initial 
enrichment for the required burn-up of the fuel. 
Also it is not possible to say categorically that one 
reactor type will give a lower fuel cost than an- 
other, although in general the reactor requiring en- 
richment of say 2 per cent would give a lower fuel 
cost than that requiring 4 per cent enrichment, be- 
cause the cost of the uranium burnt would be less 
and also the fuel investment cost for the higher en- 
richment would be much larger unless the heat 
rating was much increased. 

Recycling the plutonium produced is expected to 
reduce fuel costs to some degree, as also is the use 
of civil plutonium for enrichment, but if the price 
of plutonium is set by its equivalence to uranium 
235 as a means of enriching natural uranium for 
use in thermal reactors, this reduction may be 
small. 

Capital Costs 

The situation with regard to capital cost is a little 
clearer than for fuel costs for those reactors such as 
the pressurized-water, indirect-cycle boiling-water 
reactor and organic-liquid reactor for which a good 
estimate of the core size and of the engineering 
features can be made. The eventual cost of the 
boiling-water reactor may be expected to be slight- 
ly less than that of a pressurized-water reactor but 
perhaps the organic-liquid reactor shows most hope 
of reducing capital costs to the required level. 

The core size of the graphite-moderated system 
of the A.G.R. type having a reasonable enrichment 
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probably lies between 14 and 18 feet over the re- 
flector and because of its large size the capital cost 
of this reactor may be expected to make it unat- 
tractive. The capital cost of more advanced types 
such as the heavy-water-moderated gas-cooled sys- 
tem and the high-temperature graphite-moderated 
system are more difficult to estimate but it may well 
be that the capital cost of some of these more ad- 
vanced gas-cooled systems will, with development, 
fall to the required level. 


Safety 

The Minister of Transport has appointed a com- 
mittee to advise him generally on the safety prob- 
lems arising from nuclear propulsion in merchant 
ships at sea and in port and this subject was dis- 
cussed at the International Convention for the Safe- 
ty of Life at Sea which was held this year. For 
nuclear reactors as we know them at present there 
is no doubt that containment will be required and 
that the safety of the nuclear-powered ship will de- 
pend on such containment being designed to a 
standard that there is virtually no chance of a 
breach by any accident which is likely to occur in 
ports or coastal waters. 

It seems reasonable to expect that successful op- 
eration experience of a reactor of the same type on 
land will be desirable. This limits the choice of re- 
actors available at present and in the near future. 
Reactors of which operational experience will be 
obtained in this country in the next few years are 
the A.G.R., possibly a steam-cooled heavy-water- 
moderated reactor and the high-temperature gas- 
cooled system. For the pressurized-boiling-water 
and organic-liquid reactors one might have to rely 
on prototype experience in the United States and 
for these types a case can be made for making use 
of American technology for the first ship. A land- 
based prototype reactor of one of these types could 
be built in this country but as already mentioned it 
is not possible to see clearly the economic develop- 
ment potential of any of these systems. 

Although it may well be that one will always 
have to rely to some extent on containment, there 
is a strong case for research and development lead- 
ing to reactor systems inherently much more safe 
than present types. 

Liquid-moderated systems with good safety char- 
acteristics can be designed but for the ultimate ac- 
cident, in which there is a total loss of coolant from 
the primary circuit, there is the possibility that 
some of the fuel may melt and this appears to be so 
in the Savannah. [3] The chances of such a type of 
accident, however, are very remote indeed but 
could arise from a high speed collision in which the 
containment and primary circuit were breached. 

From a theoretical point of view there is a lot to 
be said for using a solid moderator, if suitable nega- 
tive temperature coefficients of reactivity of the 
moderator and fuel can be obtained, for decay heat 


and perhaps also excess heat under transient con- 
ditions could be stored in the moderator. Ultimate 
safety would appear to depend on the development 
of fuel elements which can retain the fission pro- 
ducts at a very high temperature so that the heat 
can be removed by radiation. 


CHARACTERISTICS OF CIVIL PLUTONIUM 


Before discussing the possible use of civil pluto- 
nium as a marine fuel it is convenient to refer to 
the physical characteristics of this material. Al- 
though civil plutonium is often thought of as an 
alternative to uranium 235 for the enriching of nat- 
ural uranium it is not generally realized that the 
nuclear properties of plutonium are markedly dif- 
ferent from those of uranium 235 and that accepted 
methods of reactor calculation become suspect when 
applied to plutonium systems. 


Production of Civil Plutonium 


In the natural-uranium graphite-moderated civil- 
power reactors now being built in this country 
about 0.8 neutrons will be absorbed in the uranium 
238 to form plutonium 239, per neutron absorbed in 
the primary fuel uranium 235. As the reaction con- 
tinues the concentration of plutonium 239 in the 
core builds up and the concentration of uranium 
235 decreases as shown in Figure 2. [4] Neutrons 
are absorbed in the plutonium 239 and about two- 
thirds of these absorptions cause fission to take 
place and about one-third lead to the production 
of the higher isotope plutonium 240. Plutonium 240 
is not fissile by thermal neutrons but captures the 
neutron to form plutonium 241 which is. About 80 
per cent of the neutrons absorbed by plutonium 241 
cause fission and the other 20 per cent lead to the 
production of plutonium 242 which is not fissile by 
thermal neutrons. The variation of concentration of 
the plutonium isotopes in natural-uranium graphite- 
moderated systems is also shown in Figure 2 and 
after an irradiation of 3,000 MW-days per ton of 
natural uranium the plutonium present is expected 
to have a concentration of about 80 per cent plu- 
tonium 239, 16 per cent plutonium 240, 4 per cent 
plutonium 241, and a negligible amount ‘of plutoni- 
um 242. This plutonium will be abstracted from the 
fuel elements by chemical processing and is the ma- 
terial which is expected to be available late in the 
1960s and which is generally referred to as civil 
plutonium. 


Heat Content and Initial Reactivity of Civil 
Plutonium 

The small plutonium 241 content does not make 
any great contribution to the initial reactivity 
which depends mainly upon the number of neutrons 
produced per thermal neutron absorbed in the 
uranium 239 and on the fraction of these neutrons 
whch are absorbed in the plutonium 240. Although 
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80 it can be seen that, provided the extraneous charges 
are not high, there is a possibility that a plutonium- 
burning reactor would function with low fuel cost. 
The number of neutrons produced per thermal neu- 
tron absorbed in plutonium 239 lies between about 
2.0 and 1.8, falling with increase in moderator tem- 
perature. It can be shown that in a large plutonium- 
burning reactor having a feed of civil plutonium the 
equilibrium value of the number of neutrons pro- 
duced per thermal neutron absorbed in the pluto- 
nium isotopes is of the order of 1.35. One neutron 
is required to continue the reaction so it will be 
seen that the amount of new plutonium which can 
be regenerated in a civil plutonium-uranium 238 
system is likely to be fairly small. This is one of the 
reasons why B.S.R.A. studies of the possible use of 
civil plutonium as a marine fuel have been confined 
in the first instance to the burning of this fuel with- 
1@) re) out regeneration. 
0 1000 2000 3000 It can be shown that, on the basis of the attain- 
IRRADIATION (MWD/t) ment of equilibrium concentrations of the pluto- 
Figure 2. Variation in the concentration of plutonium iso- nium isotopes in a large civil-plutonium-burning 
topes in a uniformly irradiated Pippa-type reactor. reactor, the calorific value of the civil plutonium 
is about 830 megowatt-days of heat per kilogram. 
Thus on a heat basis 1 gram of civil plutonium 
would be equivalent to 1.85 tons of oil fuel burned 
in a marine boiler (18,500 Btu/lb with a boiler 
efficiency of 88 per cent). The value of this plu- 
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Figure 3. Thermal flux distributions and plutonium cross-sections. 
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tonium is estimated at present on its equivalence 
to uranium 235 as a means of enriching natural 
uranium for feeding into an A.G.R.-type reactor 
and a figure of £5 per gram has been quoted. [5] 
So if the fabrication, chemical processing and fuel 
element investment charges can be reduced to a 
negligible amount the price of the oil fuel equiva- 
lent on a heat basis to civil plutonium at £5 per 
gram would be 54s. per ton. The actual price of 
marine fuel oil is at present 120s. per ton so it can 


PLUTONIUM-BURNING FUEL CYCLE 


Variation of Reactivity of Civil Plutonium with 
Burn-up 

In order to reduce the level of extraneous charges 
a long burn-up of the fuel is essential and conse- 
quently variation of reactivity of the fuel with 
burn-up is important. 

It is necessary at this stage to refer to the total 
cross-sections of the plutonium isotopes and these 
are shown in Figure 3. It should be noted that the 
cross-sections of the higher plutonium isotopes have 
not yet been determined very accurately. The main 
features of Figure 3 are the broad resonance in the 
plutonium 239 cross-section at 0.3 e.v. and a high 
peaked narrow resonance in the plutonium 240 
cross-section at about 1 e.v. 

Also shown in Figure 3 is the form of neutron 
flux distribution per unit energy usually assumed 
in the calculations of well thermalized, slightly en- 
riched uranium reactors. This consists of a Max- 
wellian distribution with average energy at or a 
little above that corresponding to the moderator 


1 
temperature and a tail which represents the 


build-up in neutron density as they slow down into 
the thermal region. A joining function between the 
curves is sometimes included. Effective cross-sec- 
tions can be obtained by multiplying the flux curve 
by the cross-section curve and obtaining an equiva- 
lent total cross-section assuming all the neutrons 
have a velocity of 2,200 meters per second corre- 
sponding to room temperature. 

Values of these effective cross-sections have been 
calculated by Westcott [6] and selective values for 
two moderator temperature and epithermal com- 


ponents r=0, r=0.1 and r=0.2 are given in Table II. 
It will be seen that there is a gradual increase in 
the plutonium 239 cross-sections with temperature 
and epithermal fraction and a marked increase in 
the 240 cross-sections with increased epithermal 
fraction due to the increased absorption in the 1 e.v. 
resonance. In his paper Westcott points out that 
these effective cross-sections are likely to be inac- 
curate for under-moderated systems with high r 
values but the figures given in Table 2 form a con- 
venient basis for making an initial appraisal of the 
variation of reactivity of civil plutonium with 
burn-up, normalized to the fall off in plutonium 239 
concentration, as shown in Figure 4. It will be seen 
that the reaction rate of plutonium 240 and the rate 
of build-up of plutonium 241 are strongly influenced 
by the effective cross-section of plutonium 240. 
From these isotopic concentration curves it is 
possible to make a rough estimate of the variation 
of reactivity on an infinitely large system (k..) 
with burn-up, and this is shown in Figure 5 for a 
hypothetical reactor in which there are 66 atoms of 
steel present per atom of civil plutonium and al- 
lowance is made for the neutron absorption in the 
fission products. It will be seen from Figure 5 that 
when r=0 the reactivity falls off in a manner sim- 
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Figure 4, Change of isotopic concentration of plutonium 
with irradiation. 


TaBLE II.—Effective Cross-sections (Barns) 



























































Mean thermal neutron temp. 600° K 700° K 800° K 2,200 meter/sec. 
Epithermal component ...... 0 ope | r2 r=6 T=2 T=2Z ra oe | rz Values 
ee See ee ee 527 532 535 537 550 522 542 561 582 
Piligy TEE oacicg viccndye eer 1,113 1,249 1,386 1,295 1,408 1,521 1,486 1,565 1,645 738 
Piss absorption ..... 20.25... 1,708 1,956 2,203 2,015 | 2,220 2,425 2,355 2,499 2,642 1,024 
Puxo absorption ............. 291 1,301 2,310 1,390 2,478 314 1,474 2,634 260 
ere eee 1,304 1,363 1,422 1,423 1,459 1,495 1,534 1,545 1,555 971.1 
oe. ee ee 1,708 1,860 1,941 1,942 1,991 2,041 2,094 2,108 2,123 1,326 
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Figure 5. Variation of reactivity with burn-up. 


ilar to that which may be expected with a uranium 
235 burning reactor, but with the higher epither- 
mal fraction and consequently higher absorption 
rate in plutonium 240 the reactivity curve is flat- 
tened. What is happening is that the plutonium 240 
is acting as a burnable poison, reducing the initial 
reactivity and at the same time producing plutoni- 
um 241 which maintains the reactivity for an ex- 
tended period. 

The value of these results is that they show that 
it may be possible to obtain a fairly flat reactivity 
curve in a plutonium burning reactor and that a 
burn-up as high as 680 megawatt-days might pos- 
sibly be achieved before the reactivity falls below 
k,,=1.2. Thus a low fuel cost may be possible with- 
out the need for chemical processing and without 
assuming any credit for the used fuel. Furthermore 
the fuel investment charges of such a system are 
likely to be small. 

The advantage of this fuel cycle for marine pro- 
pulsion would be that the fuel cost would not de- 
pend on the achievement of extreme neutron econ- 
omy and that high neutron leakage and absorption 
in structural materials could be allowed. 


Effective Cross-section of Plutonium 240 


The achievement of a flat reactivity curve would 
depend on a high rate of neutron absorption in plu- 
tonium 240 and it will be seen from Figure 3 that 
this means that the absorption in the 1 e.v. reson- 
ance must be high. Although a detailed investiga- 
tion has not been made of other moderators it seems 
likely that this high-resonance absorption can be 
most easily achieved with graphite moderation. This 
is because the maximum energy loss per collision 
is much smaller than with other moderators so that 
a larger fraction of the neutrons are slowed down 
into the resonance. The use of graphite as a moder- 
ator was thought to be an advantage from the point 
of view of safety in that it might provide a large 
heat sink and for this reason the more detailed in- 
vestigation which is being made by B.S.R.A. into 
plutonium burning is being confined to the use of 
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graphite as a moderator. Steel is considered as a 
structural materal. 


APPLICATION TO MARINE PROULSION 


Although civil plutonium will not be generally 
available for some years to come and though its 
price is uncertain, it seemed well worth while mak- 
ing a more detailed study of the plutonium-graphite 
system specifically for marine propulsion because it 
is a simple system and should the present estimate 
of the price of civil plutonium be realistic then this 
fuel cycle will have economic promise. In addition 
it would have an advantage over the present con- 
cept of an H.T.G.C. reactor in that an appreciable 
amount of structural material could be tolerated in 
the core and in particular that stainless steel fuel 
elements could be used; also at a later date ceramic 
materials such as silicon carbide which have prom- 
ise of retaining fission products at a really high 
temperature could be employed. The development 
could possibly lead to high temperatures and to the 
use of gas turbines. It would be a system with con- 
siderable potential for development and the neutron 
economy could conceivably be increased by the use 
of thorium or depleted uranium blanket. Although 
calculations made on the basis of the Westcott cross- 
sections were useful in the initial work it was soon 
evident that a much more detailed calculation of 
the thermal neutron spectrum was necessary. The 
next stage of the work was to assume a heavy gas 
model of the moderator and, using an analysis given 
by Wigner and Wilkins, [7] calculate the thermal 
neutron spectrum for homogeneous mixtures of 
graphite, steel and civil plutonium. The main pur- 
pose of this work was to investigate the tempera- 
ture coefficients of reactivity. 

A typical result obtained is shown in Figure 6. 
About 90 energy intervals were taken between 0 
and 1.3 e.v. and 90 simultaneous equations solved 
by means of a Mercury computer program to ob- 





Figure 6. Neutron spectra for moderator temperatures of 
292° K, 800° K and 1,120° K. Homogeneous case. 
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tain the neutron flux. It will be seen from Figure 6 
that the flux departs considerably from the simple 
form assumed by Westcott and there are dips in the 
flux at 0.3 and 1 e.v. due to the resonance absorp- 
tion in the 239 and 240 isotopes respectively. 

It is not possible in this paper to give a detailed 
account of this work which has been extended to 
heterogeneous systems of stainless steel cermets in 
graphite in which appreciable self shielding of these 
resonances occurs. 

The work is, however, very far from being com- 
pleted but there are reasons for a certain amount 
of optimism and two effects have been uncovered 
which may lead to a very safe system of this gen- 
eral type being evolved. The first is that the broad- 
ening of the plutonium 240 resonance with increase 
in temperature, as shown in Figure 7, gives a nega- 
tive temperature coefficient of reactivity of the fuel 
of the order of 1.5x10-°. The other is that the in- 
creased back scattering of the neutrons with in- 
crease in moderator temperature gives under cer- 
tain conditions an increased absorption in the 240 
isotope with increase in moderator temperature, and 
there are indications that the overall moderator 
temperature coefficient would be negative. This sec- 
ond point is illustrated in Figure 8 which gives a 
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Figure 7. Cross-section of Pu 240 in the region of 1 e.v. 
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Figure 8. Scattering kernel at 1.29 e.v. 


scattering probability curve for neutrons suffering 
collisions at 1.29 e.v. The curve gives the prob- 
ability of a neutron’s having a particular energy 
after making a collision with graphite, the energy 
of the neutron before collision being 1.29 e.v. 


CONCLUSIONS 


The general conclusion can be drawn that there 
is no clear line of development towards an economic 
reactor for merchant ships. There is at present a 
very slender basis for selecting a reactor type and 
probably potential for reducing capital costs is most 
important. The question as to whether fuel cost can 
be reduced to a sufficiently low level with slightly 
enriched uranium reactors will probably be decided 
only by experience of the operation of slightly en- 
riched uranium reactors on land. 

It is difficult to see how the development of slight- 
ly enriched uranium reactors for marine propulsion 
can be anything but slow and restricted to very 
large ships. While the successful development of 
fast reactors could conceivably lead to an increase 
in value of civil plutonium and thus favor the use 
of slightly enriched thermal reactors because of the 
consequent increase in plutonium credit, another 
possibility is that civil plutonium may eventually 
be cheap and plentiful. It is suggested that the re- 
sults of the B.S.R.A. study illustrate the need for 
intensive research and development on plutonium- 
fueled systems. 
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GERMAN RESEARCH REACTOR FOR MARINE APPLICATIONS 
REACHES FULL POWER 


The Babcock & Wilcox Company, designer and supplier of the major 
reactor components for the research marine reactor for the Kernenergie 
Hamburg, Germany, reported today that the test reactor has success- 
fully reached its full rated power of 5000 kilowatts. 

Consisting of a reactor core and four special-purpose pools, the unit 
is the largest of its type ever built. It is also the first European reactor to 
be built expressly for research in marine applications. 

Owned and operated by Gesellschaft Fur Kernenergieverwertung In 
Schiffbau Und Schiffahrt (The Society for the Utilization of Nuclear En- 
ergy in Shipbuilding and Navigation) the research unit is 89 feet long and 
29 feet wide. It is unique in that it has four pools—built in series—instead 
of the more conventional double pool. Three of the pools are capable of 
sustaining reactor operation at maximum power. 

A feature of President Eisenhower's "Atoms for Peace'’ program, the 
reactor utilizes B&W-fabricated fuel elements containing uranium en- 
riched to 20 per cent in uranium-235. The reactor's plate-type fuel ele- 
ments contain this fissionable material in the form of uranium-aluminum 
alloy, 45 per cent uranium by weight. 

Each of the four pools has a special function. One is a standard pool 
with beam ports and thermal column. The second has an exterior cham- 
ber for carrying out shielding experiments in air. The third is a storage 
pool for the reactor core, and the fourth, an experimental pool in which 
very large equipment and specimens may be immersed for irradiation. 
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GRAPHICAL CHECKING OF TEST DATA 
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I N A PREVIOUS article [1] this writer discussed a 
graphical means of checking test data as it is gen- 
erated by experiments on modern heat transfer ap- 
paratus. Such specialized graphical checks are im- 
portant in a number of engineering fields. The so- 
called “Wilson plot”, as an example, is commonly 
used by heat-exchange engineers to check for foul- 
ing resistances [2] while the “Willans line” is well 
known in steam turbine testing [3]. Although these 
and other specialized checking methods are amply 
discussed in basic engineering literature, little or 
nothing is said about certain specialized, graphical 
methods that can apply to almost all scientific 
tests in which an X-versus-Y relationship is under 
investigation. In this paper, the writer will discuss 
three of the most rapid and powerful graphic data- 
checks available to the test engineer and then dis- 
cuss in some detail three simple experiments which 
will serve as examples of the methods. 


THREE GRAPHICAL CHECKS 

The most important and useful graphical trans- 
formation that can be applied to an X-Y function 
that is being generated by test is rectification (the 
selection of coordinate axes such that the data forms 
a straight line). Rectification is often achieved by 
the use of logarithmic or “semi-log” paper, by alge- 
braic changes in the X and/or Y variables, or by a 
combination of algebraic transformation and axes 
changes. The techniques will not be discussed in de- 
tail here as they are well covered in several books 
[4] [5]. While straight-line plotting is usually 
stressed in engineering school at the freshman level 
(usually in a “graphics” course) it is seldom men- 
tioned again to the student. As a result, the college 
junior or senior, who is performing lab tests which 
permit excellent application of graphic analysis, 
seldom, if ever, uses the methods. Further, modern 
texts in laboratory work [6] [7] give these potent 
diagnostic techniques only passing (if any) men- 


A.S.N.E. Journal, November 1960 653 








GRAPHICAL CHECKING OF TEST DATA 


SCHENCK 





tion. The rectification of test data yields the follow- 
ing benefits: The mathematical form of the func- 
tion is immediately evident. The magnitude and 
severity of data scatter is obvious to all viewers of 
the plot. Straight-line data are most accurately ex- 
trapolated to known terminal points for checking. 
Statistical techniques of curve plotting and regres- 
sion analysis are most extensively developed and 
easiest to apply when the function is a straight 
line [8]. Some of these advantages will become 
more evident in the examples that follow. 

If a series of test points can be rectified, com- 
pletely or partially, the resulting curve can often be 
extrapolated to a known limit-value and the com- 
plete data-set thereby checked for overall consisten- 
cy. We will discuss two classes of extrapolation 
checks. Most familiar to engineers is extrapolation 
to the lower limit of the independent variable. An 
example of this “extrapolation check of the first 
kind” might occur during a test of pressure-loss in 
some kinds of hydraulic equipment. If we can recti- 
fy the curve of pressure loss versus flow, we know 
that this straight line should extrapolate to the 
origin. That is, we know that flow and loss should 
reach zero together. 


The “second kind” of extrapolation check occurs 
when we investigate by extrapolation the upper 
limit of the independent variable. For example, we 
might be studying the effect of increasing tempera- 
ture on heat loss in some kind of thermal apparatus. 
We expect that if we could increase temperature 
toward infinity, then heat loss would also approach 
infinity. Since direct plotting to this limit is im- 
possible, we will usually plot the inverse-of-tem- 
perature versus the inverse-of-heat-loss and check 
the extrapolation of the line to the origin. The ex- 
amples to be given will display both kinds of ex- 
trapolation checks in concrete terms. 

AN EXPERIMENT IN TRANSIENT HEAT FLOW 

In a senior engineering laboratory, an insulated 
stack having thermometers and thermocouples at 
various locations is subjected to the hot up-draft of 
a Bunsen burner located at the bottom of the stack. 
Figure 1 shows a plot of a thermocouple-reading 
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Figure 1: A plot of thermocouple reading against time- 
from-the-beginning-of-warm-up for a heated stack. The 
line through the points was drawn with a common French 
curve. 









































654 A.S.N.E. Journal, November 1960 








800 
va 














700 "4 
600 = 
TEMP. ye 
aed 
(°F) S500 Pun4 N 
x | 
400 












































| 2345 710 2030 507 100 


TIME (MIN.) 


Figure 2: The same data as zraphed in Figure 1 is shown, 
except that time is now plotted on a logarithmic axis. The 
lines are drawn with a straight-edge and the arrow shows 
the time at which the potentiometer range-change occurred. 


against time-from-burner-light-off, as graphed on 
linear coordinates. After two years and several 
dozen student groups, it was noted that many of 
the curves seemed to have a dip or flat region 
around 500 to 550°F which no reasonable theoretical 
argument could explain. A simple change of co- 
ordinate axes soon solved the mystery, as shown in 
Figure 2. The data are approximately rectified in 
this case by plotting the log-of-time against temper- 
ature and the resulting curve reveals that the data 
falls into two groups, one below about 550°F and 
one above. Each data-family forms a roughly straight 
line on logarithmic coordinates but the two lines 
have entirely different slopes. Quite obviously, 
something happens at about 550°F that radically 
alters the test. An examination of the data-sheet 
revealed that at this point (indicated by the arrow 
in Figure 2) the potentiometer used to read the 
thermocouple outputs was changed from low to high 
range. This instrument defect had gone unnoticed 
for some time due to the difficulty of calibrating 
the potentiometer at the higher temperatures. Yet 
the data presentation in Figure 1 does not sug- 
gest that two different data families are involved, 
but only that the curve is not quite a smooth one. 
The benefits of rectification that are displayed in 
this simple example are equally applicable to the 
most refined experimental work. 


A CLASSIC COLUMN TEST 

It would be difficult to find a mechanical or civil 
engineer who has not performed some sort of test 
designed to study or verify the so-called Euler 
column formula 

P/A=Kz*E/ (L/R)? 

where P is the maximum load the column can sup- 
port, A its cross-sectional area, E the modulus of 
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Figure 3: The maximum stress in seven 3% inch diameter 
aluminum rods is plotted against the “slenderness ratio” 
(length over radius-of-gyration). The lines shown are copied 
from a typical student report. The question mark identi- 
fies the column that might be in or out of the “Euler 
region” depending on how the points are connected. 


elasticity of the material, L the length, R the radius 
of gyration, and K is a constant that depends on 
the end-conditions. But although this test has been 
repeated thousands of times, it is doubtful that a 
single student has ever completely analyzed his re- 
sults. Inevitably the test results are plotted as 
shown in Figure 3, probably the worst graphic rep- 
resentation of these data that one could select. Yet 
we cannot blame the student, for this is the same 
presentation that he finds suggested in text or refer- 
ence works [9]. The theory of slender-column sta- 
bility suggests that the Euler equation will govern 
column failure at large L/R values, but that as 
the ultimate compressive strength of the column 
material is approached, the column begins to fail 
due to crushing. Thus the point at which the data 
deviates from the Euler theory is of considerable 
interest, and the plotting of two different curves 
as in Figure 1 is reasonable. But before considering 
better graphic methods for this simple analysis, let 
us first list the primary questions that any kind of 
analysis, graphic or mathematical, should answer 
here. 

(a) Do our data follow the basic form of the 
Euler equation over a part of its range? 

(b) Do our data give a reasonable estimate of 
the value at which deviation from the stability 
(Euler) criterion occurs? 

(c) Do our data verify the exponent (—2) for 
the L/R ratio in the “Euler Region”? 

(d) Do our data give a value of K that is con- 
sistent with end-conditions in the test? 

(e) Do our data predict a reasonable value of 
ultimate compressive strength for the material? 

(f) Do our data show a scatter and, if so, how 
great is this scatter? 


(g) Do these data extrapolate to zero as L/R 
approaches infinity, thereby suggesting that it is 
consistent at the higher L/R end? 

How well does the “traditional plot” (Figure 3) 
answer these questions? We might say that the 
outer four or five test points do seem to follow a 
general exponential curve so that (a) is tentatively 
answered in the affirmative. The answer to (b) is 
markedly effected by our choice of the French 
curve used to connect the points. If the question- 
mark-designated point belongs with the Euler 
points, then an L/R of around 85 is the critical 
value, but with the curve as drawn in Figure 3, 
we might select 95 as the L/R at which the Euler 
theory ceases to be useful. Questions (c) and (d) 
cannot be answered by this curve. Question (e) 
must not be answered since the extrapolation of 
the upper curve will yield a much too-high value 
for ultimate compressive strength of the aluminum 
used. Questions (f) and (g) are also wholly un- 
answerable by this data-presentation. 

A much more useful way of graphing column 
data is to plot the log of (P/A) against the log 
of (L/R) as shown in Figure 4. From this curve 
we see that the answer to (a) is an obvious “Yes”, 
for the straight line formed by the outer five points 
is proof of an exponential function. To question (b) 
we would give an answer of “yes” and estimate a 
critical L/R value of about 80. We see further that 
the doubtful point in Figure 3 definitely is part of 
the “Euler family” of points. To question (c) we 
again answer “yes” since a ruler quickly shows 
that the slope of the straight line is close to —2. 
(d) is not easily answered by this curve, but we 
can make a rough answer to (e). The upper curve 
appears to be going asymptotic to a log (P/A) 
value of about 4.6 which is a compressive stress 
value of close to 40,000 psi. The actual ultimate 
compressive strength of this material is listed at 
43,000 psi so that this estimate is not too bad. To 
question (f) we say “yes, there is some scatter” 
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Figure 4: The same data shown in Figure 3 is replotted 
here on logarithmic coordinates. The doubtful point is 
clearly shown to be just within the “Euler region.” 
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Figure 5: This graph shows the five column points that 
lie in the Euler region plotted so that the slope will be 
(K7’"E). Note that the line does not quite intercept the 


origin. 


and we see that the maximum for these few points 
with the line drawn as shown is a deviation in log 
(P/A) of from 3.60 to about 3.63 or from 3980 psi 
to 4270 psi which is an uncertainty of about 300 
psi. Question (g) cannot be answered by this pre- 
sentation. Thus the “traditional” plot answers only 
two of seven questions and those poorly, while the 
log-plot answers five of seven questions and with 
considerable assurance. 

The remaining questions can be examined using 
a plot of P/A versus (L/R)~* as shown in Figure 5. 
The slope of this line is, from Equation 1, (x? EK.) 
Since E is 10 x 10° psi for aluminum, we obtain a 
value of 1.68 for K after noting that the slope of 
this line is 160 x 10° psi. In this test, the columns 
were supported on ball-ended support so that the K 
value should theoretically be unity. This higher 
value is undoubtedly due to friction between the 
supports and the testing machine heads, which adds 
some stability to the column support system. Ques- 
tion (g) is answered in the negative as the line 
through these five points does not quite strike the 
origin. While this fact could be simply due to in- 
sufficient data, it should make us suspicious of our 
data and should suggest that more points might be 
taken. 

This simple experiment has been extensively dis- 
cussed for two reasons. First, it is common to the 
experience of most engineers. Secondly, it demon- 
strates how inadequately prepared most young en- 
gineers are for imaginative experimentation. If such 
a rich vein of inference and discovery lies un- 
touched by junior and senior technological students, 
how much vaster is the area ignored by these same 
graduates in the crucial test work about which mod- 
ern engineering revolves? And remember that we 
are discussing here only simple graphical methods. 
Statistical and mathematical tools receive even less 
experimental emphasis in our colleges. 


656 A.S.N.E. Journal, November 1960 


THE CALIBRATION OF A WEIR FLOWMETER 
Although few engineers use weirs in practice, 
they all calibrate one in undergraduate laboratory. 
A weir experiment is often the first test in which 
logarithmic plotting is required, since the equa- 
tion for a V-notch weir 
net OE A ss sce (2) 
is assumed to apply (with Q as the flow rate, A H as 
the “head on the weir” and K and x as fitting con- 
stants). Figure 6 shows a typical plot of Q versus 
AH on logarithmic coordinates for two different 
sets of data taken by observers A and B. Since the 
weir and associated instrumentation were not 
changed between these two tests, we are interested 
in deciding which (if either) of these data-sets is 
correct. From Figure 6 we can obtain the approxi- 
mate value of the exponent, x, in Equation 2 as 
2.2. Then a plot of Q versus AH?? should show 
whether the A or the B set is more consistent, for 
we know that in any weir, flow and head should ap- 
proach zero together. Figure 7 shows such an ex- 
trapolation check of the first kind and, although 
there is a suggestion here that B gives the more 
reasonable line, the large data scatter in both sets 
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Figure 6: A typical logarithmic plot of two sets of weir 
data taken on the same apparatus. 
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Fgure 7: The weir data from Figure 6 are replotted here 
for an extrapolation check of the first kind. Because of data 
scatter, the extrapolations are of dubious use as a means 
of checking. 





(HI 


1S 


normrr rR Sa 7 


ir 





re 
ita 








SCHENCK 


GRAPHICAL CHECKING OF TEST DATA 





makes the check of questionable value. Since the 
two lines are rapidly diverging as flow increases, 
we might next think of an extrapolation check of 
the second kind, as shown in Figure 8. We assume 
that such a check will show the “good” data ex- 
trapolating to the origin since flow and head should 
reach infinity together. But Figure 8 reveals the un- 
suspected truth, namely, that neither A or B data is 
much good. Both sets extrapolate to a (AH)~*? 
value of about .04 as 1/Q reaches zero. Thus our 
data predicts that when the head on the weir 
reaches a value of 5.7 inches, the flow will be in- 
finite! 

This odd result is easily explained. The hook 
gauge used to indicate the location of the water sur- 
face was located so close to the outfall of the weir 
that it read head with progressively greater error 
as flow (and surface curvature) increased. Figure 
9 shows the system diagramatically. Further investi- 
gation also showed that the A data was also wrong 
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Figure 8: The weir data are replotted to permit an extra- 
polation check of the second kind. Neither curve extra- 
polates to the origin as consistent data should. 
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Figure 9: A cross-sectional diagram of the weir ap- 
paratus showing the reason for the failure of data to pass 
the extrapolation check. As the flow increases, the differ- 
ence between the true head and the head read by the hook 
gauge gets progressively larger due to the curvature of the 
water surface near the outfall. 


due to a faulty zero-head reading, as suggested in 
Figure 7. Thus may the tracking down of one obvi- 
ous error reveal another and more serious defect 
in a test. 


DISCUSSION 


The use of graphical analysis in the checking of 
test data is rapid and revealing, yet seldom used 
properly. The simple methods outlined here, when 
applied to equally simple tests, can uncover great 
areas of unsuspected information. The industrial 
test engineer with professional pride of craft should 
never be satisfied with his data until he has ex- 
hausted the possible graphic interpretations. We can 
only guess at the amount of experimental inference 
that lies undiscovered because of failure to follow 
this simple rule. 

The fault for this situation lies clearly with the 
college and university and the completely inade- 
quate laboratory preparation given engineering and 
scientific undergraduates. We are still stressing test 
codes and archaic hardware instead of tough analy- 
sis and imaginative deduction. Expensive, yet un- 
derstaffed, the student laboratory may well be 
worse than nothing as it is now taught. When we 
allow a student to present his column data in the 
form of Figure 3, we damage him in an educational 
sense. He may never again use a stability formula 
in his professional capacity, but he will certainly 
use graphs. The chance that he will use them 
sloppily and with little imagination is only too cer- 
tain. We would do far better to forget laboratory 
work entirely and spend more time on the prin- 
ciples of test analysis. 

There is no dearth of persons who can read num- 
bers from a dial and copy them onto a graph sheet. 
But can we ever have enough engineers who see 
beyond the dial, the numbers, and the curve, to ex- 
perimental truth? 
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A $44,800 contract to determine how accurately the 
flight of an underwater missile can be predicted has been 
awarded to Stevens Institute of Technology by the U. S. 
Bureau of Naval Weapons, it was announced today (Wed- 
nesday, October 19) by Vice Admiral Howard E. Orem, 
Stevens Director of Research. 

Scientists at Stevens’ Davidson Laboratory will take 
a new approach to the study of the equations used for 
predicting the motions of missiles underwater. Ordinarily, 
data obtained by testing small models are employed in 
establishing the flight behavior of large bodies. Since 
differences in the size of an object can influence its be- 
havior in water, the accuracy of these predictions has . 
been questioned. By dealing only with small models Da- 
vidson Laboratory scientists hope to obtain a better 
measure of the accuracy of the motion equations. 

Should they succeed in developing a theory to predict 
the underwater flight of small models, the next step 
would be to study the effects of increasing size. Once 
these were better understood, the equations could be 
applied with greater confidence to actual missiles. 


The project deals only with fully wetted missiles, i.e., 
those completely surrounded by water. Under certain 
conditions the water around parts of a moving under- 
water body becomes gaseous. Known as cavitation, this 
phenomenon changes the forces acting on the moving 
body and thus can alter its path. ; 

The two-year project is under the direction of Albert 
Strumpf, Head of the Underwater Weapons Division of 
the Davidson Laboratory. Most of the experimental work 
has been performed at the California Institute of Tech. 
nology, Bureau of Standards and the Naval Ordnance 
Test Station. The main portions of Stevens’ work will be 
analytical though some additional model experiments may 
be conducted there. Assisting Mr. Strumpf will be 
Howard Dugoff, Associate Research Engineer and Paul 


Knapp, Research Assistant. 
Stevens Institute Press Release 
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ELIMINATE FOREBODY DAMAGE? 


ACKNOWLEDGMENT 


This article is a condensation of a paper by H. S. Townsend, “Some Obser- 
vations on the Shape of Ship Forebodies with Relation to Heavy Weather,” 
which was presented at the April 26, 1960 meeting of the New York Section 
of Society of Naval Architects and Marine Engineers. The condensation ap- 
peared in the May, 1960 issue of Marine Engineering/Log and is reprinted 
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. OF THE BASIC requirements of all maritime in- 
terests is that a vessel maintain as much speed as 
possible under adverse sea conditions without re- 
sultant damage to the vessel, particularly the for- 
ward bottom. 

While the foregoing is universal with respect to 
hull form, the approach to the method of accom- 
plishing it varies considerably. 

In this paper are set forth data which indicate the 
incidence of damage to the forward bottom of ves- 
sels for various types of forebodies. Also included 
are some observations on the types, as well as some 
of the general thinking of those at home and abroad 
who have concerned themselves with the problems. 

It is recognized that the after body of a vessel is 
influential, although to a lesser extent than the fore- 
body, on the performance of a vessel in a seaway. 
However, only the forebody is considered herein. 
And only general cargo vessels which, normally 
cannot be heavily ballasted are considered. 

Possibly the following five categories of forebody 
sections are approximate: 


1. Extreme “V” Shape 

2. Moderate “V” Shape 

3. Moderate “U” Shape 

4, Extreme “U” Shape 

5. Bulbous Bow 

Figure 1 certainly would be considered in the 
extreme “U”-shape category. The forward sections 
are practically vertical in the area of the design 
waterline. Also, there is a considerable reverse in 
the design waterline. Figure 1 is the body plan of 
the C2 type. It is also typical of the C1, C3, and 
C4-S-Al types. 

Figure 2 shows the forebody sections of a vessel 
which might be termed “V” shaped. It is to be noted 
that the forwardmost sections are sharp, transfer- 
ring to a full, rounded shape at stations 3 and 4. 
Even though the forwardmost sections are “V” 
shaped, the forward ends of the design waterline 
and the lower waterlines are very hollow. Figure 2 
is the body plan of the VC2 (“Victory”) type. To 
some extent it is similar to the Cl-M-AV1. 


A.S.N.E. Journal, November 1960 659 





FOREBODY DAMAGE 


MARINE ENGINEERING/LOG 











Figure 1 (left). EXTREME “U”-shaped forebody is typi- 
cal of C1, C2, C3 and C4-S-Al types. 


Figure 2 (right). “V”-SHAPED forward sections are those 
of VC2 (“Victory”) forebody. 


Figure 3 shows the forward sections of a model 
of the moderate “V” compromise. This body plan 
is from sheet No. 69 of the SNAME Resistance 
Sheets. The model is included in this work for ref- 
erence purposes. 

Figure 4 shows the forward sections of the “Ma- 
riner” type which might be considered as illustrat- 
ing the application of a 4-per cent bulb to an other- 
wise moderate “V” forebody. 


INCIDENCE OF DAMAGE 


Over a 26-month period embracing 10 months 
from August 1953 to June 1954, and 16 months from 
March 1958 to June 1959, a list of damages to the 
forward bottom of American-flag vessels, as com- 
piled from the records of the United States Salvage 
Association, resulted in the data set forth in Table 
) 


Some points pertinent to the data in Table I are 
listed below: 

The damages concern the setting in of the shell 
plating between internal members—often as 
much as 2 inches, and even more in a few isolated 
cases. In some instances the internal members 
were affected, and this is so noted in the table. 

While the damaged areas are shown by strakes, 
and plates in those strakes, not all of any one 
plate is necessarily affected. In the over-all sense, 
this method of locating the damages is justified. 
In the more serious damages most such plates 
were damaged throughout, requiring renewal. 

Where repairs were deferred, a careful esti- 
mate of the cost and time to carry out repairs was 
used. 

No attempt was made to separate vessels of a 
type for which type there are only minor varia- 
tions in construction of the forward bottom, 
shape, and/or dimensions. 

Many vessels listed were repeatedly damaged, 
and often the repeated damage occurred within 
only a few months of the original repair. 
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Figure 3 (left), MODERATE “V” compromise is from 
SNAME Resistance Sheet No. 69. 


Figure 4 (right). MARINER-TYPE forward section shows 
moderate “V” with 4-per cent bulb. 


The total cost of repairs for the 141 vessels affect- 
ed was $3,084,905. The average repair time was 4.1 
days. The foregoing costs represent only the cost of 
physical repairs and do not reflect cost of vessel 
during repair period, or loss of earnings. 

Complete coverage of the load condition of the 
vessels listed in Table I, during the heavy weather 
when the damage was presumed to have occurred, 
was not available in every instance. However, 
enough data were available to indicate that the ves- 
sels were not all in the light condition, or actually 
slamming or pounding, when the damage was felt 
to have occurred. 

There are no Liberty-type vessels included in 
Table I. The Liberty is decidedly of “V”-shaped 
sections forward and the type has a full (convex) 
design waterline. Additionally, the Liberty is of 
low power. Forward bottom construction follows 
Classification standards. 

Most of the vessels listed in Table I were not 
specially stiffened above Classification requirements 
in way of the forward bottom, i.e., with extra shell 
thickness or auxiliary transverse floors or extra 
longitudinal members. In some instances during re- 
pair, when the bottom shell plating was removed, 
longitudinal flat bars, intercostal to the floors, were 
installed by owners. This extra stiffening of the 
shell has to some extent eliminated the setting up 
in way of the stiffeners, but has not entirely elimi- 
nated damage. 

It is noteworthy that the mariner (C4-S-1A), 
with only minor extra stiffening above Classifica- 
tion requirements in the forward bottom, is not in- 
cluded in Table I as having suffered forward bot- 
tom damage. 

The Mariner is fitted with five port and five star- 
board longitudinal girders in addition to the cen- 
terline vertical keel, These are outboard to a point 
approximately 13 feet off the centerline, specially 
located longitudinally on the forward bottom shell. 

To draw the conclusion that bulbous bow vessels, 
per se, in view of the Mariner performance in serv- 
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IG Repair Area of Repair Area of 
Strakes & Plates Repair Cost Time Heavy Strakes & Plates Repair Cost Time Heavy 
es Affected (U.S. $) (Days) Weather Affected (U.S. $) (Days) Weather 
C1-M-AV1 Type Victory Type 
K-2,3 K-4, 5 
/ S-A2,3 S-A4, 5; B5 
P-A2, B2 12,086 4 N.E.P. P-A4; BS 23,049 5 N. A. 
C’W ED 
K-2.3 K-3, 4, 5, 6 
S-A2, 3; B2 S-A4, 5, 6; B1, 2, 3; C1, 2 
P-A2, 3: B2 21,995 5 N.E.P. P-A4, 5, 6; Bl, a; 3; Cl, 2 57,400 11 N.P. 
C’W Ed 
a —_—_—_ — K-3, 4,5 
Total: 7 Vessels 95,754 28 — S-A3, 4,5 
Av. Dam: 0.08L to 0.24L $ 13,679 4 —_ P-A3, 4 26,106 5 N.A. 
Cl Type ee wD 
K2, 3 Total: 26 Vessels 645,251 129 _ 
S-A3 Av. Dam: 0.11L to 0.23L  $ 24,817 4.96 = 
a P2 Type 
6 Floors Disturbed 19,330 3 ame K-4 (Frs, 37-38) 
K-23.4.5 S-A4 (Frs. 37-39) 13,765 3 N.P. 
_— S-A3, 4, 5; BS eile oe ae 
P-A3, 4, 5; B5 31,000 5 N. A. Total: 1 Vessel 13,765 3 —_ 
wD Av. Dam: Centered 0.14L $ 13,765 3 — 
‘ect- Total: 10 Vessels 246,679 50 —_ Special Type with Bulb 
as Av. Dam: 0.09L to0.21L  $ 24,668 5 mee K-45 ‘ = 
> . ’ 
S-A4, 5 
5 C2 e ’ 
othe a 7 P-A3, 4,5 24,090 5 N.A. 
>ssel wD 
ng K-3,4 
= 13,82 4 E.P. ex. 
the iio iat ow S-A3, 4, 5; BA, 5 
ther K-2345 P-A4, 5; B3, 4 40,127 7 N.A. 
‘red, S-A3, 4, 5; B3 K-3 wD 
yer, P-A3, 4,5; B3 41,846 6 tty SAR GBS 
ves- K2, 3,4 P-A3, 4 21,433 3 N.A. 
ally S-A2,3 Batre es ace ee wD 
. felt P-A2 22,890 4 N.A. Total: 10 Vessels 248,288 41 — 
Ed Av. Dam: 0.12L to 0.24L $ 24,829 41 —_ 
d in Total: 58 Vessels 1,136,669 204 _ Other Special Types 
aped Av. Dam: 0.07L to0.16L $ 19,598 3.5 ~ K-3,4 yy ; 
vex) C3 Type S-A3, 4 
is of K-4 P-A3, 4 16,656 3 N.A. 
lows S-A4, BS wD 
P-A4 22,971 4 N. W. P. K-2, 3,4 
Cw S-A2, 3; B3, 4 
> not K-3,4,5 P-Al, 2, 3; B4 47,682 5 N.P. 
nents S-A3, 4, 5; B4; C4 ae wD 
shell P-A3, 4,5; B1; C4 28,375 3 N.A. Total: 6 Vessels 160,470 32 — 
extra Ed Av. Dam: 0.10L to 0.18L $ 26,745 5.3 — 
K-4, 5,6 
ig re- S-A3, 4; B4, 5,6; Cl Grand Total 
oved, P-A4, 5; BS 35,610 4 N.A. 141 Vessels 3,084,905 581 
were wD Average Per Vessel $ 21,879 41 
f the Total 19 Vessels 404,417 3 _ oe 
1g up Av. Dam: 0.12L to 0.22L «= $_~=—(21,285 38 — Symbols & Abbreviations 
slimi- es (CA-8-Al) Column 1 Column 4 
K-3.4 Type K = Keel N= North 
ex: S = Starboard E= East 
ei P-A3 26,709 6 N.E.P aed sie 8 
sifica al A= A Strake W = West 
ot in- K-23 B= BStrake A= Atlantic 
1 bot- S-A8 9: BS. 6 C= CStrake Ocean 
P-A8. 9. BE 50.793 6 NA 1, 2, 3, Etc. = Plate in Strake 
— as ‘ WD (numbered from forward I = Indian Ocean 
K-2, 3, 4 (Frs. 14-41) except where noted) M= Mediterranean 
; mise S_ A4 ’ =e Frs. — Frames Sea 
poin Pp. Cc. V. K.=Center Vertical 
cially — 29,908 5 oa P. Keel P = Pacific Ocean 
shell. a a ee Es ee scares ee ers, L=Length Between Per- E’D= Eastbound 
Is Total: 4 Vessels 133,612 21 -- pendiculars W’D = Westbound 
essels, Av. Dam: 0.10L to00.20L $ 33,403 5.3 = Av. Dam, = Average Damage C’W = Coastwise 
. serv- 





Note: The above are representative excerpts from the original table. 
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ice, do not suffer from forebody bottom damage, 
would be erroneous. In the case of the Mariner, an 
excellent, moderate “V” forebody has had a well 
designed bulb added to it to obtain what was felt 
to be maximum speed performance in still water. It 
is conceivable that the fact that the Mariner does 
not suffer forward bottom damage is in spite of the 
bulb, not because of it. 

An excellent, stillwater, extreme “U” bow, with 
a bulb added, based on the record of the extreme 
“U”-bow vessels without bulb, and without an ex- 
tensive amount of stiffening above Classification re- 
quirements installed in the forward bottom, could 
certainly be expected to suffer from forward bottom 
damage. This is definitely the fact with respect to a 
group of a special type listed in Table I. This type 
has a bulb of approximately 3 per cent with the sec- 
tions aft of the bulb being considerably more “U” 
than the Mariner. 


FOREIGN APPROACH 


Numerous standard design types of American 
flag vessels, and even some of the individual de- 
signs, reflect a considerable departure from the ap- 
proach of those abroad. It is obvious that the “U”- 
“VY” compromise, raked stem and cut-away fore- 
foot, which features are seldom incorporated in 
American-flag vessels, predominate in most of the 
foreign designs for practically all speed levels. It 
should be stressed that simply because the raked 
stem and cut-away forefoot are found on most for- 
eign-flag vessels, this definitely does not place them 
in the extreme “V” category. 

The fact that “U”-shaped forward bodies predom- 
inate in the American approach does not mean that 
those abroad were, or are, not aware of the value of 
“U”-shaped sections for good, stillwater perform- 
ance. G. S. Baker, in England years ago, may well 
have started the “U’-bow trend with his model 
re...” 


Pursuit of a form which would lend itself to sea- 
kindliness but which retains some of the excellent 
power characteristics of the “U”-shaped forebody 
has resulted in a mean between the “U”- and “V”- 
forms. It is very common abroad. Very satisfactory 
power characteristics are obtained with this form 
which practically equal that obtained with the ex- 
treme “U”-shaped forebody. 

It is not intended to dwell on speed and power 
comparisons of the various distinct types of bows, 
particularly inasmuch as the afterbody has been 
restricted from coverage herein. It is necessary, 
however, to more than simply indicate that satis- 
factory power performance can be achieved using 
bows with more “V” worked into them. According- 
ly, reference is made to the qualitative works of the 
Swedish State Shipbuilding Experimental Tank; 
H. F. Nordstrom, and A. Lindblad, and to quantita- 
tive results reported by G. Aertssen; which spe- 
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cifically cover speed and power for vessels of the 
moderate “U’-“V” approach, 

Attention is also invited to the power curves of 
the moderate “U”-“V” types shown on sheets 6, 7, 
14 and 69 (Figure 3) of the SNAME Resistance 
Data Sheets. The moderate “U” model on sheet 7 
shows practically identical EHP to the extreme “U” 
bulbous bow model shown on sheet 23, while the 
displacement of the former, on a 400-ft basis, is ap- 
proximately 500 tons greater. 

While the bulbous bow can be found in the mer- 
chant fleets of most nations, generally speaking 
those abroad do not favor the bulb. They also do not 
favor extreme “U”-shaped forward sections and a 
plumb stem profile below the design waterline. This 
holds true for all speed ranges. 

Insofar as forward bottom damage is concerned, 
certain foreign owners were contacted whose ves- 
sels all follow a similar aproach to forebody shape, 
i.e., modified “U”-“V” sections, raked stem, and cut- 
away forefoot. The purpose was to establish the in- 
cidence of damage to this type of vessel, and to ob- 
tain the owners’ thinking with respect to the shape 
of forward sections as related to the behavior of 
vessels in a seaway, and with respect to forefoot 
stiffening. 

In all, the service experience of over 300 mer- 
chant vessels, of all ranges of speeds, trading in all 
areas of the world, was reflected in the responses 
from abroad. 

The owners indicated: 

Forward bottom damage, while not eliminated, 
is nowadays a rarity. Two owners indicated that 
no forward bottom damage had been suffered in 
the past 20 years of worldwide operation. 

The general avoidance of forward bottom dam- 
age is felt to be the real result of one or more 
of the following: a) Forebody shape; b) added 
structure in the forward bottom; c) careful 
handling. 

Vessels patterned along the lines of Baker’s 
model “56-C” proved vulnerable to forward bot- 
tom damage. Over the years “U”-shaped fore- 
bodies have shown bottom damages for all prac- 
tical ranges of speed, i.e., from 10 knots up. The 
likelihood of damage increases as the forward 
bottom is flattened, and additional stiffening is re- 
quired in way of such flats. 

It is thoroughly understood that the “U”-shaped 
forebodies lend themselves to good, stillwater 
propulsive characteristics. However, practically 
equal characteristics have been achieved with 
more “V” worked into the forebody. It is quite 
definitely stressed that the “U’-shaped forebody 
is not used because of excessive, vertical bow 
movement and the propensity to pound. 

At the higher speeds more than usual “V” can 
be worked into the forebody, even showing a 
speed advantage in stillwater. Higher sustained 
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sea speeds in boisterous seas are maintained with 

the “U”-“V” compromise. 

As the result of a series of tests by one owner, 
the conclusion was reached that there was no 
technical or economical reason to use a bulbous 
bow below a speed/length ratio of .95 (19 knots 
for a 400-ft ship, 21 knots for a 500-ft ship). At 
intermediate and low drafts the bulb is so objec- 
tionable as a spray raiser, and as a resistance 
raiser, that it would not be considered at any 
speed/length ratio for a general cargo vessel. 

“S”-shaped design waterlines are recommend- 
ed for higher speeds, providing for a reasonably 
low, half angle of entrance, together with a modi- 
field “V”-shaped forebody to minimize pitching 
and to avoid pounding. 

Many vessels, during construction, are extra- 
stiffened in way of the forward bottom by the re- 
ducing of the transverse frame spacing. Forward 
peak tank spacing (or less spacing) is maintained 
a certain percentage aft of the collision bulkhead. 
Heavier keel plating and bottom plating adjacent 
to the keel (say 2 mm beyond Classification re- 
quirements) is installed aft of the collision bulk- 
head for a distance of about 22.5 per cent L. 
Some vessels, in addition to the foregoing, are 

extra-strengthened at building by the installation of 
extra longitudinals forward, including a duct keel, 
and the forward extension of longitudinal midships 
members. All longitudinals then at least extend to a 
point forward of the tangent line on the flat of the 
bottom or the deadrise plane. (It is noteworthy that 
extra stiffening, beyond Classification requirements, 
is not extensive.) 

Further on the subject of forward bottom 
strength, it has been opined by J. S. Redshaw that 
quite properly the Classification Societies take the 
view that the reasonable limit of structural rein- 
forcement has been reached, and that the builder 
should not persist with shapes likely to induce 
forces which can be resisted only by special fram- 
ing. 

This thought would appear to have much merit. 
For indeed, until greater understanding is achieved 
of the dynamic forces (pressures) on the forward 
bottom of vessels in a seaway, the Classification So- 
cieties can hardly be expected to alter existing tab- 
ular scantlings to prevent damage. 

Figures 5 and 6 illustrate the forebody sections 
typical of the type operated from abroad by those 
contacted. 

The forebody prismatic coefficient of the vessel 
shown in Figure 5 is .654. The forebody vertical 
prismatic coefficient is .892. This vessel is powered 
by a 10,000-hp Diesel and is conservatively reported 
as operating, loaded, at a speed of 17.5 knots. The 
total deadweight at summer draft is 10,300 English 
tons. The design waterline shows a considerable re- 
verse with a low half angle of entry (9% degrees). 
The hull gives every indication of a form lending it- 


























Figure 5 (left). MODERATE “U”-“V” type forebody, used 
abroad, can be pushed to high speed. 


Figure 6 (left). ANOTHER moderate “U”-“V” type re- 
ported to be exceptionally sea kindly. 


self readily to being “pushed” to a higher speed 
range without undue increase in power. 

The forebody prismatic coefficient of the vessel 
shown in Figure 6 is .704. The forebody vertical 
prismatic coefficient is .882. This vessel is powered 
by a 7500-hp Diesel, and normally operates, loaded, 
at a speed of 16 knots. The total deadweight at sum- 
mer draft is 13,145 English tons. The design water- 
line is straight from the entry to the beginning of 
the shoulder, and the half angle of entry is 18% de- 
grees. This hull is reflective of the fuller, middle 
speed type, which is considered exceptionally sea- 
kindly. 

Figure 7 illustrates a plot of the section coeffi- 
cients (area of each section divided by the area of 
a rectangle of width equal to the beam of the sec- 
tion at the DWL, and height equal to the draft at 
the section) for a broad fullness range of vessels of 
the moderate “U”—“V” type, with raked stem and 
cutaway forefoot, which are reported as being quite 
free from forward bottom damage. 
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Figure 7. SECTIONAL COEFFICIENTS for broad full- 
ness range of vessels of moderate “U”-“V” type. Vessels of 
this type reported to be quite free from forebody damage. 


A.S.N.E. Journal, November 1960 663 





FOREBODY DAMAGE 


MARINE ENGINEERING/LOG 





It will be noted that the values are highest for the 
fullest forebodies, and reduce as the forebody fines. 
They then raise slightly from stations 4% to 2% for 
the finest vessels. 

The Victory-ship forebody illustrated in Figure 
2, while of nominal “V” shape, has suffered consid- 
erably from forward bottom damage. It therefore 
becomes necessary to compare in detail the char- 
acteristics of the Victory form with that like block 
coefficient of the foreign approach. 

The vessels represented by Figures 5 and 6 are 
slightly finer and slightly fuller, respectively, than 
the Victory. While they are both somewhat longer 
than the Victory, they could represent vessels of the 
same length as the Victory insofar as dimensionless 
coefficients are concerned. 

It is noteworthy that vessels with sections exem- 
plified by Figures 5 and 6, of nominally the same 
length as the Victory, are reported to be quite free 
from bottom damage (although some were slightly 
extra-stiffened in way of the forward bottom), and 
were reported as sea-kindly vessels. In view of the 
foregoing, it would appear worthwhile to compare 
the disposition of shape of the Victory hull versus 
the hulls illustrated in Figures 5 and 6. In Figure 8 
the section coefficients have been plotted for these 
three hulls, at not only the design waterline, but 
also at a light draft of 0.4 and 0.7 of design draft 
at the forward perpendicular and after perpendicu- 
lar, respectively. 

An analysis of Figure 8 shows that the short en- 
trance of the Victory produces a hard curve, loaded 
and light, at stations 5, 6 and 7. The slope of the 
curve from station 3, aft, is much steeper, light and 
loaded, than for the other two hulls. The transition 
in fullness is accomplished in a shorter length, and 
the whole transition is much further forward. 

The average bottom damage of the Victory type 
is between stations 2 and 4. It is conceivable that 
there is a build-up of pressure ahead of station 4 
due to the rapid filling out of the hull. 

A further inspection of the curves shows the 
“humps” of the two types are at different longitudi- 
nal positions, somewhat reminiscent of two sine 
curves considerably out of phase with one another. 
It is significant that if all the curves were plotted 
on a basis of stations of the entrance, instead of 
stations of the forebody, the shoulder hump of the 
Victory would not be as evident. Indeed, all curves 
would appear more similar in nature, which points 
out the value of using the forebody-station basis. 

SUMMARY 

1. From the standpoint of forward bottom dam- 
age it is established that the extreme “U”-type fore- 
body suffers severely from the effects of a disturbed 
sea. If this type of forebody is utilized, it is obvious 
that much stouter structure in the area of the dam- 
ages, above that used in the past, must be installed. 
Model and full-scale experiments, and theory, in- 
dicate that with the use of extreme “U”-shapes, the 
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Figure 8. SECTIONAL COEFFICIENTS comparing Vic- 
tory bulb with two moderate “U”-“V” types shown in fig- 
ures 5 and 6, 


greatest vertical bow amplitudes, for the broadest 
range of sea types encountered, are produced. 

2. Experiments have shown a marked difference 
in the distribution of pressures on the forward bot- 
tom of the “U”-type versus the extreme “V”-type. 
Tests further strongly indicate that the sea speed 
that can be maintained in the broadest range of 
wave configurations, before too erratic a behavior 
obtains, varies with the amount of slope worked 
into the sides of the sections. The bulbous bow type 
also shows every indication of requiring ample side 
slope worked into the sections aft of the bulb tran- 
sition sections. 

3. It is reported by operators of the more moder- 
ate “U”-“V” types, practically exclusively used 
abroad, that forward bottom damage is a rarity, and 
further, that these types are regarded as sea-kindly. 
The difference in structure, if any, in the foreign 
types considered, versus that found in the extreme 
“U”-types which are severely damaged, is slight. 
This gives every indication that form plays a major 
part in the structural performance of a vessel. 

4. Structural classification bodies are in no posi- 
tion to alter tabular scantlings or proffer recom- 
mendations until a much greater understanding of 
bottom forces is reached. 


RECOMMENDATIONS 


Studies relative to vessel performance among 
waves must of course reflect variations in forebody 
shape. It is submitted that an agreement should be 
reached on the method of separating vessels by 
shape type, such that distinct categories are created. 
The structural and motion performance of each 
type can thus be bracketed and compared. 

Standard data, such as the SNAME Resistance 
Sheets for smooth water performance, should either 
be expanded to embrace data relative to perform- 
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Lo ance in rough water, or standard rough water forms to those the operators must look to for advice. 
should be promulgated. In either case, full data to It is suggested that prior to the undertaking of 
ad establish shape categories should be provided. involved and costly studies on the experimental and 
Vessel operators, repair yards, classification so- model level, serious thought be given to the collec- 
ei cieties, and others in a position to accumulate heavy tion of data relative to stillwater and heavy weather 
: weather vessel performance or damage data all performance of existing, distinct shape types of ves- 
ore must work together in disseminating information to sels. These data should be analyzed with the intent 
3 builders and designers, and to towing tank person- of establishing the best over-all form which now 
“oe nel particularly. exists. 
ak It is suggested that proper dissemination of fac- The fact that the highest continuous service speed 
4 tual data will not naturally come about. It must be (approximately 20 knots) for scheduled general 
® brought about by the group which will profit most cargo vessels, on the Atlantic and the Pacific, is 
by it. If necessary, this work should be done on a maintained by vessels of the moderate “V”-type 
a professional (paid) basis, with the practical experi- forebody, without forward bottom damage, is a 
ence data gathered by the operators and provided rather strong indication of where to begin. 
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Small gas turbines 
soon to surpass piston engines 
for competitive applications 


by Herbert Kunzel, President 


Solar Aircraft Company 
A Subsidiary of International Harvester Company 


The gas turbine engine has made news this year as it has 
expanded into new and broader applications in the prime 
mover field. Behind this advance is continuing improvement 
in design and production. Even more advanced gas turbines 
will be developed in the next few years. In the small engine 
class (under 1000 hp) gas turbines will soon surpass over- 
all piston engine performance and cost for competitive 
app ications. They will also retain the inherent advantages 
of the gas turbine over the reciprocating engine. 

One of the major reasons for this prediction is an 
impressive improvement in 
gas turbine economy. Pre- 
viously, fuel consumption 
and high initial cost have 
kept the turbine out of all 

but selected power assign- 

> ments. Industry and the 

military both thought the 

engines too expensive for 
most applications. 

1955 Through constant 

YEAR improvement, however, 

Solar has been steadily 

bringing simple cycle, 

small turbine specific fuel consumption down to an area 

competitive with piston engines. The fuel consumption of 

Solar’s early 50 hp engines in 1948, for instance, was about 

2.25 Ib/hp-hr. The 1100 hp Saturn engine, which went into 

production this year, has the excellent simple-cycle fuel con- 

sumption of only .63 Ib/hp-hr. Solar’s experienced engineers 

improve life, “producibility;’ and performance characteris- 

tics with each new engine. At the same time, production 

costs are lowering rapidly. 

Another significant advance in Solar turbine development 
has been the evolution of a unique design philosophy. Most 
gas turbines fall into one of two extreme categories: 1) 
Lightweight, high horsepower aircraft turbines, built to be 
as light as possible (about % to % Ib/hp), and 2) conven- 
tional industrial engines designed along the lines of steam 
turbines with a ratio of about 10 Ib/hp. Both have inherent 
disadvantages. The aircraft turbines are relatively delicate 
with consequent problems of frequent overhaul and short 
life. Massive engine design, on the other hand, involves 
unnecessary bulk and difficulties with thermal lag and dis- 
tortion. In either case, inherent advantages of the gas tur- 
bine engine are diminished and initial cost is adversely 
affected. 

Solar’s approach has been to develop a family of gas tur- 
bines that ae both long life and light weight. The Saturn 
engine, with a weight-to-power ratio of 1.1 ]b/hp, is heavier 
and more rugged than aircraft engines but much lighter 
than the ciel tadentetel gas turbine. Although it is designed 
for long life, it has no more materials than are necessary to 
satisfy structural and thermal requirements. 
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Promising even further improvements in the turbine 
engine is the combination of Solar with International Har- 
vester Company this year. IH saw the advantage of more 
power per pound several years ago. Their research and 
development has stressed performance and much work has 
been done by them on regenerative cycle turbines to reduce 
fuel consumption. 

To basic research, they have added their many years of 
experience and leadership in high performance and low cost 
through efficient production of many thousands of IH 
engines for trucks, construction equipment and farm 
machinery. 

Solar’s successful Saturn engine development team and 
the combined research and resources of the two firms are 
now focused on further engine development in the area 
below 1100 hp. Preliminary design for a turbine in this 
range indicates that the following standards are feasible: 

1. A life cycle equal to or better than conventional diesel 
engines — with considerably less maintenance. 

2. Fuel consumption in the .4 to .5 Ib/hp-hr range. 

3. Cost competitive to conventional reciprocating 
engines. 

4. Inherent ease of starting and operation in a wide 
variety of climatic conditions. 

5. Small size and light weight. 

Developments like these are certain to continue the 
increase in turbine applications and use. 

For additional information write to Dept. H-303, Solar 
Aircraft Company, San Diego 12, California. 


Saturn engine powering oil well fracturing unit 
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“MECHANICAL ENGINEERING” 


GAS TURBINE 


PROPULSION FOR HYDROFOIL BOATS 
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| een EARLY AIRCRAFT builders experimented 
with hydrofoil craft and the Wright brothers “flew” 
a hydrofoil boat at Dayton before they mastered the 
air at Kitty Hawk, the realization of their true 
worth has waited for improvements in structural 
efficiency, power plants, and hydrodynamics. These 
areas of research are closely related to aircraft 
practice, and indeed the performance of modern hy- 
drofoil boats owes much to this well-endowed 
source. 

The public concept of marine travel as that of 
quiet unobtrusive power is well satisfied by the 
natural smooth ride which the hydrofoil craft pro- 
vide. 

There is a parallel between aircraft and hydro- 
foil craft in the similarity of the natural critical 
conditions of sonic flight in air and completely cav- 
itating operation in water. The respective change- 
over speeds for air and water are approximately 
650 and 65 knots, a ratio of 10:1 for a density ratio 
of 800:1. For both mediums it can be proved that 
economical operation is possible beyond these 
speeds, but in such a case a consolidation of ex- 


perience at high subcritical speeds is most desirable. 
The main factor that allowed the efficient design 
of 100-ton Mach 0.9 aircraft was the use of the gas- 
turbine engine. As reported here, the same type of 
power plant has shown similar advantages in hy- 
drofoil boats. It is clear that gas turbines offer a 
decisive breakthrough in hydrofoil vessel design, 
and that henceforth turbine-driven boats of 20 to 
200 tons displacements can expect to offer new 
standards in speed, comfort, and economy. 


POWER PLANT AND TRANSMISSION REQUIREMENTS 


Although hydrofoil vehicles are almost as weight 
and power-conscious as aircraft, the power plant 
and transmission system have seldom been detailed 
in the literature. Since the merits of different foil 
systems are still the subject of vigorous debate, an 
engine manufacturer may be excused for being as 
neutral as possible. 

The typical power and speed requirements for 
these craft are compared in Figure 1 with those for 
round-bilge and hard-chine boats. Once past the 
low-speed drag, which is higher up to the take-off 
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T ] Water Propulsion 
| / Power for subcavitating hydrofoil boats, Table I, 


ROUND BILGE BOAT Ee7.5 
=. 


s 
| hp per ton displacement in as light and compact a 


MYOROFONL aa nue / | package as possible, in a layout mainly influenced 
a 


by the foil transmission system. 
ow To date, the bulk of experience has been achieved 
a a | sf on lightweight diesel engines of about 6.0 lb per hp 
we ‘\—wronoron crart bare specific weight. As at least 25 per cent more 
| iaiiteatiaiaie COMPARISON must be added for cooling equipment and other ac- 
MARE CHINE GOAT AYOROFOIL @ DISPLACEMENT | cessories, this means that the machinery weight has 
wae been between 18 and 30 per cent of the gross weight 
ie | ee of the boat. Some experimental boats, such as the 
~ racy aaaie eee coer Bras d’Or [4] and the Grumman XCH-4 [7] have 
sPeeo iv) increased their performance by using the better 
MULL LENOTH SL” specific weight of aircraft piston engines (about 2.5 
Figure 1. Power and speed requirements. lb per hp installed). By comparison, the machinery 
weight of a four-engine piston aircraft weighing 60 
4 " : ; : tons and carrying 75 passengers is about 8 tons or 
hump,” the speed achieved for a given power is 13 per cent of the gross weight. 

much better than that for conventional boats. The Th 6 tide wate h foil , 
take-off should be as short as possible to avoid . pee © ee ne ee ee 
Kise according to the system used, but in general the 
wave pounding and should occur at a VY L of less center of gravity of the boat is normally about half 
than 3.0. The power pattern, therefore, is one of the over-all length from the bow. This means that 
short-duration maximum take-off power followed the larger, higher-powered boats have to use a cen- 


by a sustained 75 to 85 per cent power cruise. Low tral-engine-room arrangement, a less desirable loca- 
power is normally used solely for harbor maneu- tion than toward the stern. 


vering. Air cooling of the engines is preferred because of 

The examples of successfully demonstrated hy- the additional drag and annoying complications re- 
drofoil-craft propulsion arrangements [1, 2, and 5], quired to scoop up water when the boat is in the 
are of two basic types; (a) Surface-piercing foils— “flying” position. 


where, for a given lift, the immersed area changes Hydrofoil boats require the water propeller to be 
with speed; (b) fully submerged foils—where the placed much further below the hull than is usual 
immersed area is constant and a given lift is pro- with a displacement boat, requiring a greater shaft 
portional to speed and foil incidence. angle, a longer prop shaft, or a bevel-gear drive 
The layout varies considerably, with no distinc- mechanism. 
tive trend evident for either foil system. As to pro- The experimental LCVP Halobetes, Figures 2, 7, 
pulsion through air or water, since this oe» de- obviously called for a retractable foil and transmis- 
liberately limited to subcavitating craft with speeds sion system for beaching operations, but the modest 
up to 65 knots, the case for an air propeller is con- draft of other craft and normal operation in navi- 
sidered a minor item. gable waters of good depth enable a fixed system to 
Air Propulsion be used. The latter, however, has upper limits in 
The normal use of directly coupled podded en- the larger boat sizes. The added sea-state hull clear- 
gines, avoiding the obvious complications of long ance required may mean that special-purpose boats 
underwater drives, and a specific transmission and those above 100 tons will need a retractable 
weight of about 0.30 lb per hp—less than half that transmission system [3]. 
of the simplest water-propeller system [3]—make The propeller must satisfy the conflicting de- 
air propulsion mechanically attractive. Below 50 mands of high thrust at low speed for a fast take- 
knots, however, efficiency is normally less than for off and good efficiency when flying for an econom- 
a water propeller. Although special high-activity ical high cruising speed. Normal operation at high 
propellers or compact ducted fans of 4.0 to 6.0-lb speed is usually the controlling factor and great 
thrust per hp can be designed, the associated awk- care is taken to provide as clean an entry for the 
ward above-decks arrangements and noise are un- propeller-water inflow as possible. Long fixed sys- 
desirable. The public concept of marine travel is of tems such as the Supramar PT-10 and PT-20 use 
quiet, unobtrusive power, and air propulsion, in the thin transmission shafts with a propeller mounted 
author’s opinion, is bound to lose favor to a quieter ahead of the final steady bearing to reduce inter- 
mechanism. Relative difficulties are of no concern ference to a minimum. Other boats such as Halo- 
to a fare-paying passenger. He will support the most betes, Bras d’Or, and the Flying DUKW, Figure 3, 
pleasant ride. that use gear drives have the propellers mounted 


calls for the installation of approximately 50 to 80- 
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Figure 2. Halobetes propulsion system. 


Taste I—Hydrofoil Craft—Design Specification Details 


Designer 


VS-6 
TS-6 
VS-8 
PT-10 
PT-20 
PT-50 
XCH-4 
Sea 

H 


Halobetes 


on slim, streamlined nacelles. The latter two use 
tractor propellers operating in undisturbed water 
to achieve the best efficiency. 

There is a clear case for the use of a variable- 
pitch propeller in hydrofoil boats, particularly when 
bevel drive systems are used and the nacelle cross 
section provides sufficient area to mask the neces- 
sary hub diameter to accommodate the pitch-change 
mechanism. In addition to improving take-off and 
cruise performance, the variable-pitch propeller 


Displ. Vv 
Length, A» max. Power, 
tons knots hp 
47.0 1400 
40.0 380 
43.0 4000 


Bhp 
A 


82.4 3.0 


39.3 60.2 


59.8 2.6 
48.2 
1 


would eliminate the need and weight of an ahead 
and astern transmission. 


TURBINE ADVANTAGES 
Configuration 
Free-power turbines or two-spool engines are the 
most suitable of various possible configurations. 
Single-shaft turbines are almost entirely limited to 
air-propeller-driven designs. The free-power tur- 
bine is simpler and better proved than the two- 
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Figure 3. DUKW overstern unit. 


spool engine, although the two-spool engine with 
the load connected to the l-p or h-p rotating units 
offers a higher pressure ratio and better fuel 
economy. Though in use in the newer aircraft and 
heavier industrial power plants, it has yet to be 
applied to surface transportation. It seems likely 
that it will become the basic design of the second 
generation of turbine engines for hydrofoil boats. 


Power Characteristics 

The point of maximum power for the free-power 
turbine, Figure 2, with respect to output speed, for 
an increasing range of gas-producer speeds is ap- 
proximately an x* function. In other words, it 
closely matches the “prop-law” power requirement 
of a fixed-pitch propeller. If a variable-pitch pro- 
peller is considered, the fan of unique blade angle, 
power-absorption plots can be accommodated with- 
in the wide power spread. 

Part-load fuel consumption of a turbine—that is, 
below 50 per cent load—is relatively unimportant 
with a hydrofoil boat since, as with an aircraft, over 
90 per cent of boat operations are high-speed cruise 
at 70 to 85 per cent of maximum power. 

With a free-power turbine, if the turbine is load- 
ed up while maintaining the gas-producer speed 
constant, the output torque will rise and finally 
reach a fully stalled torque value of about twice 
that developed at maximum power. This charac- 
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Figure 4. Free-power-turbine engine-output power char- 
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Figure 5. Comparison of output power and torque char- 
acteristics of piston and gas turbine-engines. 


teristic, Figure 5, is markedly different from that 
of a piston engine and allows a high torque to be 
given to the propeller at low speed. The improve- 
ment in thrust gives a fast acceleration to the boat 
and a quick take-off, an effect that is valuable to a 
hydrofoil boat in rough seas. 


Weight and Space 
When comparing weight and power of current 


gas turbines and turbocharged diesel engines, the 
diesels are generally light-weight, high-speed ma- 
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chines. Many more different large turbines, above 
2000 hp, have been built than large diesels. Devel- 
opment time and cost seem to be in favor of the 
turbine and increase with size. Even the robust, 
long-life marine turbines have many times better 
specific weights than the most highly turbocharged 
diesels. 

Two further groups of engines should be briefly 
considered. Diesel-turbine compound engines can 
and have been built that are lower in weight per 
hp than heavy-duty turbines, but in the opinion of 
the author these engines, though creditable, repre- 
sent extreme machinery design. They are costly to 
develop and deficient in reliability compared with 
what can be expected of present, let alone future, 
turbines. A type of gas turbine that should emerge 
in the near future will have an excellent maximum- 
power specific fuel consumption of about 0.40 lb 
per hp per hr, and will maintain this economy down 
into a low part-load range. 

Turbines are smaller than the bare diesel engines 
by a factor of two or three, although air and ex- 
haust ducting for the turbine can reduce some of 
this advantage. However, there is much less heat 
loss and less plumbing for a turbine. Turbocharged 
diesels need cooling equipment capable of removing 
25.0 to 35.0 Btu per hp per min. A turbine requires 
cooling equipment for 1.0 to 3.0 Btu per hp per min. 


HYDROFOIL CRAFT PERFORMANCE 

An analysis of relative performance of a hydro- 
foil boat with turbines instead of piston power de- 
pends tremendously on the design chosen for com- 
parison. One based on a series of boats using 60 hp 
per ton for a cruising speed of 50 knots is shown 
in Figure 6. It considers conservative turbine 
weights and turbine specific fuel consumptions 
ranging from 0.65 to 0.55 lb per hp per hr as the 
power requirement increased. No secondary weight- 
saving advantages in favor of the turbine were 
taken into account. 
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Figure 6. Payload increase made possible through turbine 
power. 
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Figure 7. Halobetes power requirements, Once the craft 
had taken off and was past the “hump,” power could be re- 
duced 50 per cent and the boat still flew. 


The plot shows large gains in payload for all dis- 
placements out to beyond a 600-mile range. Taking 
250-mile range and existing hulls as an example, an 
average 30 per cent payload increase is shown to be 
obtainable with turbine power. The greater fuel 
cost is easily covered by the larger payload revenue 
or a lower operation “break-even” factor. 

This analysis is conservative. It is based on cur- 
rent hull, foil-system, and engine design and does 
not reflect the further efficiency that could be ob- 
tained by maintaining the original payload and re- 
designing for a smaller boat and less power to carry 
it. 


SUMMARY AND FUTURE PROSPECTS 


Successful operation of hydrofoil craft, both as to 
economic commercial transportation and military 
advantage using boats similar to the 130-passenger 
Supramar PT 50, has been amply demonstrated. 
New commercial routes may be expected to open 
up, and larger and more sophisticated military craft 
will also appear. 

The excellent performance of the lightweight 
diesel will be increasingly challenged by new gen- 
erations of gas-turbine engines. For many designs, 
these are the only possible choices. In particular, the 
inherent propeller-power speed-matching character- 
istic of the free-power turbine has been demonstrat- 
ed, together with the remarkable improvement that 
natural high-torque conversion of this engine can 
make to take-off distances and time. 
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Much remains to be done, particularly in simple 
retractable transmission and foil systems, but the 
future of the gas turbine as the propulsion unit is 
quite clear. Passenger appeal, following turbine- 
aircraft experience, may be taken for granted and 
the fully smooth characteristic of turbine power en- 
joyed as a perfect complement to the one smooth 
method of marine travel. 
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SUB MISSILE TENDER 

Lengthened 44 feet to become the first Polaris submarine tender, the 
USS Proteus, 17,000 tons displacement, now 573 feet long, is a complete 
seagoing repair shop for the missile-like guidance-navigation system of 
the Polaris submarines. The system uses large-scale computers and inertial 
navigation systems that sense and measure movement, each double-check- 
ing the other in order to compile and maintain the accuracy necessary to 
launch ballistic missiles underseas. 

A 34 x 20-ft. repair center on the after port side of the main deck of 
the Proteus has been designed to handle navigational repairs and re- 
placement at sea. A storage compartment several decks below inven- 
tories spare parts. 

The repair center houses a working navigational system—with almost 
all of the instruments used in the submarine, together with simulation 
equipment, test panels, and ovens to store the temperature-critical iner- 
tial elements. Each oven holds 16 to 18 of the inertial, motion-sensitive 
elements, keeping them to a constant temperature. Each will ring an 
alarm on the bridge if the temperature changes three degrees. 

An estimated 20 technicians will work on the maintenance of the sub- 
marine navigation systems. The tender will make repairs on the subma- 
rine's ship navigation system by exchanging parts and modules to be re- 


worked in the repair center. 
—Marine Journal, July 1960 
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MODERN MODELS AND MODEL-MAKING 


THE AUTHOR 


has written many articles, several of which have been printed in the Jour- 
NAL. In 1945 he won the Society’s prize essay contest by which he became 
one of the very few ever to attain Honorary Membership by this means. Mr. 
Herr has won many other honors. He is presently President of his own firm 
of Mark Instrument Co., Inc., Santa Monica, California. 


Max EXAMPLES are recited of Faraday’s use of 
his ingenious and purposeful mental constructs, or 
“models,” in “explaining,” understanding and ex- 
tending the useful knowledge of his day and since, 
concerning particles, fields and forces. 

Pre-eminently, a model of something (“the orig- 
inal,” “the prototype”) is characterized by an or- 
dered likeness (one-to-one-correspondence) over 
each of one or more of the totality of ordered attrib- 
utes definitive of the original or prototype. Like- 
ness in some attributes characterizes a “partial” 
model of the original, Likeness in all attributes is, 
at least, “equivalence.” Undifferentiability in all 
attributes is “identity.” Non-singular transforma- 
tions of an equivalent or an identity generate equiv- 
alents; some known, very useful examples are the 
“dual” and the “inverse” models. Singular, non- 
zero transformations of an equivalent or an identity 
generate partial models. Hence, the model se- 
quence from the original or prototype is: identity, 
equivalence, partial, null. 

Originals or prototypes, from which models re- 
late, are characterized by their nature, viz., phys- 
ical, functional, mathematical. While an identity 
is of the same nature as the original, the equivalent 


or partial need not be, in whole or in part, and, in 
general, is not. Thus, a physical system, as original, 
may have as equivalent model a mathematical 
model or a physical model, or a mixture of mathe- 
matical partial model and physical partial model, 
by way of example. 

The “probabilistic-cause-and-effect,” or the “tele- 
ologically adaptive,” behavior or performance of a 
physical system original may be elicited by purpose- 
ful exercise and careful instrumentation of the 
physical system original itself. To within some 
known degree of its non-equivalence, a mathemat- 
ical model of a physical system original may be 
exercised to elicit (with care, judgment and in- 
sight) the behavior or performance, and under- 
standing, of the physical system original. In a cir- 
cular feed-back sense, the physical system original, 
itself, may be exercised purposefully to help com- 
plete the valid and extensible mathematical model, 
and the understanding thereof of both the physical 
system and its mathematical model. The value- 
measure of a model derives from (1) its domain of 
valid and understood representation of the proto- 
type, (2) its capacity to predict the behavior or per- 
formance of the prototype, (3) its valid, direct mod- 
ificztion and extensibility to the perturbed proto- 
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type, and, (4) the degree of definiteness with which 
it clearly ceases to be a useful or valid model of the 
prototype, perturbed or not. 

There is a slight and slowly growing, organized 
understanding of the “optimability,” to some 
critique, of such vitally useful, commonly occurring, 
physical and functional, multi-dimensional non- 
linear systems—which industry, government, so- 
ciety and nature encounter and function in, con- 
tinually. Such understanding, as it grows, enables 
a business, a community, a nation, to more effec- 
tively cope with and understand and “manage” the 
several, complex, multi-variable, non-linear, bound- 
ary-valued, variational problems which modern 
human society faces, whether they be of a techno- 
logical, military, political, economic, sociological, or 
mixed, nature. Maximum advance use of all 
a priori available or obtainable “situation-informa- 
tion” is mandatory, the more so, the greater the 
“value” of the understanding of the problem, its 
total statement, and its non-optimum or optimum 
solution. 

Three examples, among many, of potentially 
great civilian, industrial, economic and military 
usefulness and purposeful expenditure and savings 
of resources, are cited: 

A. Time-mass, trajectory, guidance-control op- 
timization; 

B. Large-business and government “plant-and- 
process” control; 

C. Ballistic tables (an inversion application of 
dynamic programming). 

Typical of the modern model method and its 


learning-growth curve, deriving from “cross-ruffing” 


planned physical experiment, and consequent model 
improvements, is Example C. Here, a particular, 
shaped body, falling through the atmosphere-space, 
solves, in its trajectory of fall in the “Real World 
of Nature,” the relevant multi-variable, boundary- 
value, non-linear variational problem. A _ basic 
mathematical model, computerized, may be used for 
selective, fine-grain construction of the sought-after, 
interpolated, multi-dimensional, “Ballistic” tabular 
arrays. Such a combination physical-plus-model 
program example uniquely resorts to but possibly 
10-15 per cent of the total number of normally-re- 
quired physical “drops” in the various modes, to 
develop such tables. It does so at great economy of 
time, money, equipment, facility and manpower. 
Most importantly, it does so at considerable increase 
of basic knowledge of a kind re-useable in future 
extension and applications, indeed, it discloses to 
the observant, unexpected extensions and applica- 
tions. 

Such modern model-making is more than a stimu- 
lating and satisfying exercise. It is—or can be—a 
challenging, many-cycled circular process of the ut- 
most revelation, sophistication and humble self- 
checking. It increases our human degree-of-under- 
standing, between the complex physical system, its 
intrinsic and extrinsic functional relationships, and 
its several partial or total models of mixed or homo- 
geneous nature, disclosing progressively greater 
“validity,” usefulness and Divine beauty. Faraday, 
that great and humble, alert and tranquil, soul and 
intellect, was blessed with such creative insight. He 
was, in fact, our first significant modern model- 
maker. 


The first Polaris submarine trainer designed to simulate actual naviga- 
tion, diving and missile firing has been "launched" by the U. S. Navy. 

Now in the final stages of installation at the Submarine School, New 
London, Conn., the simulator was constructed for the U. S. Naval Train- 
ing Device Center Port Washington, N. Y. It can be used to duplicate 
every aspect of a typical missile launch problem. 

Technically integrated by General Dynamics Corporation's Electric 
Boat Division, the overall facility is expected to provide the Navy with a 
quicker and more efficient system for molding Silent Service personnel 
into highly-specialized FBM submarine teams. 

The facility includes a Dynamics-designed diving unit and navigation 
trainer. The See can pitch and roll exactly as would its fleet counter- 
part and the navigation trainer is equipped with a synthetic sky and an 
electromechanical computing system that produces signals representing 
changes in latitude and longitude. 

Slated for full operation in 1961, the facility will also be used for re- 
fresher training by crews now sailing the nation's first two Polaris subs. 

—General Dynamics Corporation 


674 A.S.N.E, Journal, November 1960 











COMMANDER BERNARD M. KASSELL, USN (RET) 


MARINE ENGINEERING 
NOTES FROM THE SOVIET PRESS 


THE AUTHOR 


enlisted in the Navy in 1931, and has served continuously since that time. 
He attended Cornell University and Maryland University, obtaining his B.S. 
degree in Military Science from the latter institution. He has had a wide 
range of duty assignments, including tours as Engineer Officer and Repair 
Officer on various ships and tenders. He was recently stationed in Casa- 
blanca, Morocco as Commanding Officer, Military Sea Transport Service and 
retired recently after 29 years of active duty. His last duty station was in the 
Office of the Chief of Naval Operations. Is now engaged in consulting and 
independent research on Soviet affairs. 


THE SOVIET MERCHANT MARINE 


E HE SOVIET MERCHANT MARINE, today, is larger in 
size—in numbers of ships and in total carrying 
capacity—than ever before in the history of either 
Czarist Russia or of the Communist regime. By the 
end of 1965 the total tonnage of this fleet is to be 
double what it was at the end of 1958. According to 
figures compiled by the U. S. Department of Com- 
merce, at the end of 1958 the Soviet flag flew over 
774 merchant ships of 2,789,000 GRT and 3,809,000 
deadweight tons. These figures are for ships of 1,000 
GRT and over. Soviet figures are, undoubtedly, all- 
inclusive, down to the smallest barge and tug. Never 
the less, based on 1959 deliveries and the following 
list of deliveries, or ships nearing completion and 
which could be delivered by the end of the year, the 
plan will, in all probability, be met. 

The addition of such ships as the tanker Pekin 
(19,000 GRT) , which can make the run from Odessa 
to Vladivostok in 20 days, and her sisters Buda- 
pesht (launched in June) and Varshava (launched 


in August), the turbine-drive cargo carrier Lenin- 
skiy Komsomol (12,016 GRT) and others of this 
class, along with ships imported from the captive 
nations and from Western building yards, will in- 
crease the total tonnage figures very quickly. 

However, progress is not without its problems. 
Mr. N. Byikov, a member of the Collegium of the 
Ministry for the Maritime Fleet, pointed out, in 
September, that some of the sovnarkhozes (Coun- 
cils for the National Economy, see the “Journal,” 
May, 1959, p. 339) have failed to meet plans for the 
building of transportation equipment, including 
merchant ships. Certain of the plants acting as sub- 
contractors failed, in 1959, to meet production quo- 
tas for sub-assemblies and articles needed in the 
building program. At the same time, unspecified 
shipyards actually failed to lay down nine ships 
scheduled for production, involving 70,000 tons of 
carrying capacity—eight in the Leningrad Sovnark- 
hoz area alone. 

Ships under construction, according to Byikov, 
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are falling behind schedules. Leningrad area ship- 
yards, in the first six months of 1960, met their 
combined building program by but 64 per cent, with 
the Admiralty Shipyard, builder of the atomic ice- 
breaker Lenin, singled out as the worst offender 
with a half-year percentage figure of but 8 per cent! 
The yard, it seems, had not yet started construction 
of the new, port icebreaker class (see below), the 
first of which was scheduled for operation this 
year—and this despite the report, in May 1960, that 
the first of the class had actually been launched. 
Nor had construction begun on the gas-turbine 
propelled tanker which is supposed to be in service 
sometime in 1961. This is the 13,000-horsepower, 
twin turbine ship with a capacity of 17,000 tons and 
a speed of 17 knots. 

The Baltic Shipyard, designated as a building yard 
for timber carriers, is cited for its slow rate of con- 
struction on Mezenles which, at the beginning of 
August was but 30 per cent completed, despite the 
fact that the schedule called for 60 per cent com- 
pletion on that date. Mezenles was originally sched- 
uled for completion in the fourth quarter of 1960. 

Although Varshava was reported running trials 
in the Baltic in mid-August, and although other re- 
ports indicate that Budapesht is scheduled for com- 
pletion some time this year, Byikov claims that both 
ships are lagging behind schedules. 


The construction of Kirgizstan-class passenger 
ships is said to be unsatisfactory in the imeni A. A. 
Zhdanov Shipyard, Leningrad, where the builders 
were 28 per cent behind schedule at the end of Aug- 
ust. Enterprises under the administration of the 
Kherson (Black Sea) and the Khabarovsk (Far 
East) sovnarkhozes have, for some months, failed 
to meet building programs. One citation is made. 
An unidentified hull, Number 806, scheduled for 
service in 1961, had, at the end of July, reached 
22.6 per cent of completion, with the average 
monthly rate of production given as 3.2 percent. 


All these shipyards are under the jurisdiction of 
the sovnarkhozes and, accordingly, are involved with 
the State Committee for Shipbuilding. This connec- 
tion undoubtedly involves some use of building ca- 
pacity for naval construction, to the obvious detri- 
ment of commercial building. However, as Byikov 
points out, shipyards directly subordinate to the 
Ministry for the Maritime Fleet are faring no better. 
Production figures for the first six months of 1960 
for this group of shipyards were at 66 per cent of 
plan, with particularly poor results having been ob- 
tained from the Kiliya, Riga, Odessa, “Krasnaya 
Kuznitsa,” and other shipyards. 

Steamship company chiefs exercising direct con- 
trol over shipyards in their respective areas were 
urged to tighten up control over ship building pro- 
grams and bend every effort to getting unused pro- 
duction capacity into action. The Ministry itself was 
urged to press design organizations for timely re- 
ceipt of plans for new tankers and for other trans- 
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portation means so that review could be carried out 
and shipyard capacity set to work. 

The following list of merchant ships delivered 
thus far in 1960, or under construction (marked 
with an *) and which will probably be delivered 
this same year, is not all-inclusive, but is indicative 


of the progress being made towards the 1965 goal. 


Name Where Built Type GRT 
Agdam, m/v USSR Cotton-timber 3000 
Aleksandrovsk, m/v Finland Cargo 5513 
Aleksandr Terekhin, Poland Cargo 3816 
s/s 
Almetyevsk, m/v Finland Cargo 5512 
Andrey Zakharov USSR Crab cannery 
Aragvi, m/v West Germany Refrigerator 4410 
*Armeniya, m/v EastGermany Passenger 4871 
Atkarsk, m/v Finland Cargo 5A11 
Babushkin Cargo 
Baku, m/v USSR Cotton-Timber 3000 
*Bolshevik Karayev, Bulgaria Tanker 3000 
m/v 
*Budapesht, s/s USSR Tanker 19500 
Chelyabinsk, m/v EastGermany Cargo 3359 
Dalnyiy, m/v Poland Cargo 3359 
Diomid, s/s USSR Salvage Tug 
Dzhankoy EastGermany Cargo 
Estoniya, m/v EastGermany Passenger 4871 
Firovo (renamed 
Sena) 
Fizik Vavilov, s/s USSR Cargo 12016 
Goncharev, m/v Poland Fish Factory 2600 
Goryachiy, m/v Rumania Tug 
Izhma, m/v EastGermany Cargo 3359 
Izyaslav, m/v USSR Tanker 8229 
Kapitan Fedotov Oceanographic 
Khorol, m/v EastGermany Cargo 3359 
Kirgizstan, m/v USSR Passenger 3219 
Kokand Survey 
Komiles, m/v Poland Cargo 4200 
*Komsomolets Finland Tanker 3300 
Primorya, m/v 
Krasin, s/s' USSR Icebreaker 4902 
*Kremenchug, m/v USSR Tanker 8229 
*Kura, m/v West Germany Refrigerator 4410 
*Labinsk, m/v Poland Cargo 9935 
*Latviya, m/v EastGermany Passenger 4871 
Leninskiy Komsomol, USSR Tanker 8229 
m/v 
*Leskov Poland Fish Factory 
*Lesozavodsk, m/v Poland Cargo 9935 
*Litva, m/v EastGermany Passenger 4871 
Mamin Sibiryak, m/v USSR Fish Factory 3170 
oe Ulyanova, EastGermany Passenger 4720 
m/v 
— Baykov, USSR Cargo 12016 
s/s 
*Mezenles USSR Timber Carrier 
Moldaviya, m/v USSR Passenger 3219 
Mongugay, m/v EastGermany Cargo 3357 
*Morekhod Kuskov, Poland Cargo 3812 
s/s 
Moskva, d/e Finland Icebreaker 9200 
Neringa Survey 
Neva, m/v Denmark Fish Factory 3321 
yong Isayenko, Japan Fish Factory: 4987 
m/v ; 
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Partizan Bonivur, Poland Cargo 9935 
m/v 
*Pavlin Vinogradov, USSR Timber Carrier 
m/v 
Pechenga, m/v Poland Trawler Tender 
Persey-II Survey 
Petr Lebedev USSR Survey 
*Rovno, m/v USSR Tanker 8229 
Rudolf Blauman,m/y USSR Freezer-Trawler 3170 
Sena, m/v (ex- Finland Cargo 1870 
Firovo) 
Sergey Vavilov Survey 
Sovetskaya Litva, s/s Poland Fish Factory 11540 
*Sovetskaya Rossiya, USSR Whaler 32024 
m/v 
*Sumyi, m/v USSR Tanker 8229 
Svanetiya, m/v USSR Passenger 3219 
Tiksi, m/v Denmark Cargo 9500 
Turukhansk Cargo 
*Ussuriysk USSR Refrigerator 
Varshava, s/s USSR Tanker 19500 
Vatslav Vorovskiy, EastGermany Passenger 4720 
m/v 
Volgoles, m/v Poland Cargo 4200 
Volodya Dubinin, Hungary Training 1194 
m/v 
*Yelsk, m/v USSR Tanker 8229 
Yu. M. Skokalskiy, USSR Survey 3600 
m/v 
Yuriy Do!gorukiy, 
m/v* East Germany Whaler 32024 


2. Former cargo ship refitted as a training ship for the use of 
the Baku Maritime School on the Caspian Sea. 

3. Ex-Hamburg, raised in 1952 and refitted as a whaler, assigned 
to the port of Kaliningrad and being readied, late in the summer, 
for Antarctic season. 

THE FAR EAST 

Shipping in the Soviet Far East has its own prob- 
lems, not the least of which is weather. Most of the 
cargo movements take place during the 3rd quarter 
of the year (36.5 per cent), while 1st quarter move- 
ments are slackest (14.3 per cent). Cargo is of a 
varied nature, including industrial and food prod- 
ucts, construction materials, timber, coal, salt and 
fish products, and military supplies and equipment. 
Cargo, in general, moves in one direction only. 

Because of this combination of circumstances, the 
fleet of merchant ships in the basin, operating un- 
der the Far Eastern, Sakhalin, and Kamchatka 
steamship companies and the Far Eastern Fishing 
and Refrigerator Ship organization, must be made 
up of special types of ships. Actually, the types 
which have been provided as part of a broad pro- 
gram of augmentation and replacement are not ex- 
actly suitable for service under these conditions. 

Operators complain that the ships which have 
been provided lack facilities for heating inner-bot- 
tom ballast and fuel tanks; that lack of adequate in- 
sulation in the living spaces results in damaging 
condensation; that anchor chain is of too small a 
size for the conditions which the ships encounter in 
open roadsteads; that cargo boom fittings for se- 
curing the booms in the vertical position when the 
ships are underway are inadequate; that faster act- 
ing, more reliable, and watertight hatches are 
needed. 

Passenger ships should have at least two holds 
for carrying small shipments of urgent cargoes, one 


of which should have a refrigeration installation. 
This type of ship need not be large and the cabins 
should, in the main (80 per cent) be four-bunk 
ones, with the remainder divided among two-place 
and single cabins. Luxuries such as music salons, 
dance floors, bars, and separate dining rooms for 
individual classes need not be included. 

A surprising deficiency has arisen in radar equip- 
ment. While deficiencies in the Neptun and Stvor 
radars are of long standing, it is now found that the 
more recent Don radar suffers from manufacturing 
faults and is relatively unreliable. The radio direc- 
tion finder, Model “Srp-5” is a very reliable installa- 
tion, but the loop is subject to cracking. All this 
equipment is of Soviet design and manufacture. 

Most of the ships involved are of foreign con- 
struction, but most, if not all, have been, or are, 
built on plans provided or approved by Soviet en- 
gineers and naval architects. So it is surprising in- 
deed to find Soviet operators complaining that they 
have ships operating on heavy fuels not readily 
available; that it is difficult to obtain spare parts 
for these foreign-built ships. 

Recent conferences on the subject have resulted 
in operators making the following recommendations 
with regard to new ships assigned to the Far East: 

(a) that tank heating systems be installed in all 
water ballast, fresh water and heavy fuel tanks; 

(b) that insulation in living and working spaces 
protect against outside air temperatures as low as 
—20°F; 

(c) that all steam and condensate piping running 
to bow machinery from the engine room be laid in 
a special tunnel to prevent freezing; 

(d) that hull strength be improved to meet re- 
quirements for ice operations as defined in the Reg- 
ister of the USSR; 

(e) that dust and moisture-collecting materials in 
compartments and living spaces be eliminated; 

(f) that the use of the 3D100 and D50 engine 
types be eliminated in Far East ships because they 
have proven to be unreliable in conditions in the 
area; 

(g) that facilities be installed to permit disem- 
barkation of passengers in open roadsteads; 

(h) that on-board means be provided for use in 
moving cargo from ship to shore in the Arctic. 

It will remain to be seen if any of these recom- 
mendations are incorporated in the new ships which 
are to increase the volume of shipping in the Far 
East to a figure, at the end of 1965, 54 per cent 
greater than that available at the end of 1958. The 
addition of this volume of tonnage, probably on the 
order of a half million tons of capacity, will, it is 
planned, permit the fleet in the Far East to increase 
its cargo turnover to a figure 85.7 per cent greater 
than the 1958 figure. Too, by the end of 1965 it is 
planned that the use of this fleet in the export-im- 
port trade will reach 56 per cent of the total cargo 
turnover and will be 2.3 times that of 1958. 
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BRYANSK DIESEL WORKS 

Bryansk, site of a machine-building works, has 
been designated to build a big, slow-speed diesel 
engine to be rated at 9000-horsepower. The organi- 
zation of a diesel division was started, as was the 
manufacture of the individual parts for the engine, 
and 1960 was set as the target date for the delivery 
of the first of the engines, to be used in Soviet-built 
merchant ships. The deadline will, from all reports, 
not be met. 

So serious was the problem that, at mid-year, a 
conference, attended by representatives of the 
works, the Central Scientific Research Institute for 
the Maritime Fleet, and other organizations, was 
called. The Bryansk Works director was told to 
build a test stand, as well as an experimental labo- 
ratory to conduct tests as needed. The Ministry for 
the Maritime Fleet was asked to conduct shipboard 
testing of parts and to provide technical assistance 
as needed by the works; a new twist to the US prac- 
tise of having factory representatives sent to the 
ships. 

Finally, the Ministry for Higher and Middle 
Special Education was asked to organize a Diesel 
Building Faculty in the Bryansk Institute for 
Transport Machine Building in order to train diesel 
engineers. 

Let us take a little closer look at this problem, 
for, because of the great successes scored in the field 
of rocketry and in the use of missiles, we have 
tended to the view that such success extends across 
the board. Discrediting this view are the views of 
three Soviet engineers, V. Andreyev, F. Burmistrov 
and F. Kolpakov by name, employed in Bryansk. 

This is their story. They work in the design bu- 
reau and have been assigned to the development of 
the sketch plans for a completely new model, slow- 
speed diesel for future use. Their deadline was the 
third quarter of this year. Yet they have not as yet 
been told what the horsepower of this engine is to 
be either in the near future or in the next 10 to 15 
years. Their own decision was to draw plans for an 
engine which would develop 1500 horsepower per 
cylinder. Despite their best efforts, however, they 
have been unable to do all the work required be- 
cause their bureau does not have the manpower. 
The laboratory recommended at the mid-year con- 
ference had not, by September, been installed and 
the only laboratory available, located in the ex- 
perimental shop, cannot provide the support needed. 
It is too small, poorly equipped, both in instruments 
and test stands, and has few specialists. 

Recalling that this is the very first enterprise in 
the Soviet Union to organize the production of big 
marine diesel engines, the engineers feel that it is 
no more than right that a branch of the Central Sci- 
entific-Research Diesel Institute or of the Central 
Scientific-Research Laboratory be formed in the 
works so that workers can be trained and the work 
done better and cheaper. 
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Bryansk is a big rail junction on the Moscow- 
Kiev Railroad and the Machine Building Works 
builds turbines, power trains, diesel locomotives 
and freight cars which are exported to all parts of 
the Soviet Union and abroad as well. Despite what 
would appear to be a considerable backlog of ex- 
perience, the superimposition of diesel manufactur- 
ing seems to have caused a considerable disruption 
in production. Director Yushkov, Chief Engineer 
Gorbunov and Production Chief Zaytsev are all 
charged with failure to exercise needed control over 
the manufacture of parts needed for the new engine. 
The turbine shop, for example, scheduled to manu- 
facture 5200 parts for the new engine, in six months 
managed to turn out 56 of the least complicated. 
This failure was reflected in lack of production from 
the foundries. In addition, cooperating, external 
plants failed to deliver machinery. 


Grinders, products of the Kharkov Machine Tool 
Building Works, failed to arrive on pre-fixed dates; 
a Khabarovsk plant refused to make certain high 
pressure air delivery equipment; the Kramatorsk 
Works is manufacturing cylinder liner honing 
equipment; other plants, such as the imeni Ordz- 
honikidzye in Moscow, the Shchelkovskiy Pump, 
imeni Sedin in Krasnodar, the Uralsk Compressor, 
and others are similarly engaged. Without the pro- 
duction from these enterprises, the lubricators, 
starting air bottles, drive chains for cam shafts, etc., 
it is little wonder that troubles piled up. 

But hopes are high, it seems, as the fond planners 
compare their infant with such established giants 
as the Sultzer, MAN, Doksford, Goteverken, and 
other diesel builders. The new engine is said to be 
reliable, easy to service and will not need big, un- 
reliable reduction gearing. It will be turbo-super- 
charged and will operate on cheap grades of fuel. 
In a comparison with engines in Dneproges (4x 
1800-hp) and Groznyiy (2x2000-hp), it is pointed 
out that these engines require an annual repair 
period of from 30 to 60 days, the cost of which 
ranges from 225,000 to 485,000 rubles. The cost of 
the spare parts alone is some 175,000 rubles. Capital 
repair is required every 4 to 6 years. The new en- 
gine, by way of contrast, will need but 7.5 days per 
year in repair and this work should not cost over 
75,000 rubles, with spare parts cost set at 4,000 
rubles. Capital repair will not be needed in under 
16 years since the engine has an operating life of 
80,000 hours. 

FLOATING DRYDOCKS 

Soviet planners have settled on the floating dry- 
dock as a major means for ensuring that repairs 
will be accomplished in timely fashion on the stead- 
ily increasing merchant fleet. Needless to say, re- 
pairs to naval vessels can be accomplished in the 
same docks. There is, however, an interesting rea- 
son for the choice, particularly in the Caspian Sea 
basin. 

It is a well known fact that the water level in the 
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Caspian Sea has, for many years, been falling stead- 
ily. Recently, as a consequence of this drop in water 
level, certain fixed installations in the Baku area, 
including a drydock, have become useless since 
ships cannot be brought to the dock, or to marine 
railways, on the coastal area. 

For the Caspian, then, the solution was the order- 
ing from the Kherson Shipyard of a reinforced con- 
crete dock, designated K-1, capable of lifting 6,000 
tons. It is classified as an experimental unit. This 
dock, 465 feet along the floor and 72 feet wide (the 
outside dimension is 99 feet), is big enough to take 
any active ship on the Caspian, or any ship planned 
for use on the sea. 

Since the dock was for use in Baku the trans- 
portation problem was a serious one. The 48-foot 
high side walls making up an installation weighing 
almost 10,700 tons, had to follow a devious route to 
destination—the Dnepr River, Black and Azov seas, 
the Don River, the Volga-Don Canal, the Volga 
River, and finally, the Caspian Sea. Conditions along 
this route are such that the tow could not be towed 
as a unit. In fact, one of the locks on the Volga-Don 
Canal is shorter than the overall length of the dock 
and the planned width of the dock is far in excess 
of the width of the locks. The solution was to build 
the dock in sections and, as finally built, was in four 
L-shaped pieces, each capable of withstanding the 
rigors of the tow across the Black and Azov seas. 

The old system of using pontoons (see the “Jour- 
nal,” May 1960, p. 302) was resorted to once again 
with the use of steel pontoons assembled along the 
sides of the sections. Three pontoons along the length 
of the section permitted controlling the angle of heel 
needed to get the section over shallow spots on the 
rivers. Each pontoon was 7.7 feet wide and 13 feet 
high. 

The first tow, from Kherson to the Ochakovskiy 
Water Gage Point was made on an even keel, but 
on the next leg, to Khdanov, the section was listed 
17 to 20 degrees. From Zhdanov to Astrakhan the 
tow was again on an even keel. However, at one 
point on the Don it was necessary to flood the sec- 
tion and list it 42 degrees in order to pass under a 





meet 


Section of floating dock being towed to Caspian Sea 





Floating Dock Assembled in Baku 


fixed bridge. In Astrakhan the section was once 
again listed 17 to 20 degrees and towed to Baku. 

When all four sections had arrived the Baku Ship 
Repair Yard imeni Zakavkazskoy Federatsii assem- 
bled them into the unit shown in the cut. This is 
said to be the first of a series of such docks which 
will be provided for use on the Caspian Sea. In 
fact, there is some talk of building a special yard 
on the Caspian to build such docks, but this work 
would take several years and would cost ten or 
more millions of rubles. 


RAIL-CAR FERRY FOR THE CASPIAN SEA 


Construction of the first of four rail-car ferries 
for the Caspian Sea was begun about two years ago 
(see the “Journal,” November 1958, p. 626) in the 
Krasnoye Sormovo Shipyard. Recent information is 
that certain changes have taken place in the origi- 
nal design. Maximum draft, for example, is now set 
at 14.4 feet, as opposed to the original 15 feet. Too, 
it was found that it will be necessary to carry all 
the rail cars on one deck since adding another deck 
would have resulted in an increase in sail area of 
the hull which, for the limiting draft on the rela- 
tively shallow Caspian Sea, would have been pro- 
hibitively high if the ferry was to retain adequate 
maneuverability. A two-decked vessel, retaining a 
draft of 13.1 feet, would have an increased height 
of 19.6 feet and the sail area coefficient would then 
be 4.7, too great for a seagoing ship. 

The ferry will be able to carry any type of rail 
car, steam locomotive, or other railroad unit, so long 
as loading does not exceed 12 tons per linear meter. 
Passenger capacity is given as 290, rather than the 
300 originally indicated. 

The first of the class will be equipped with 3D100 
diesel engines, as planned, and will make 16 knots. 
Future ships will have 14D100 diesels and speed 
will be increased to 18 knots, although economical 
speed will be in the 14-14.5 knot range. Each diesel 
will be coupled to a reduction gear and will drive an 
auxiliary, alternating current generator to provide 
380 volts at a rating of 200 kilowatts. The three main 
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motors will be coupled to the shafts as follows: two 
wing, single-armature type PGK 150/65 main drive 
motors with a normal rating of 1450-kw at 220-rpm 
and 500 volts will be fed from individual diesel 
driven generators; the amidships main drive motor, 
a double-armature, type 2PGK 150/65 unit, rated 
at 2x1450-kw at 268-rpm, will operate from two die- 
sel driven generators. 

Each winding has a power rating of 1020-kw, so 
that total propulsion power is 4x1020, or 4080-kw. 
Increased power will result from the replacement of 
the 3D100 engines so that, if the 14D100 diesel is 
used the power output will be increased to 4x1450, 
or 5800-kw. This increase is desired in order to 
maintain schedules, regardless of weather, and, in 
addition, to permit doing upkeep while underway. 

The ferries will be equipped with magnetic com- 
passes, a gyrocompass, mechanical and hydro-dy- 
namic logs, fathometer, a radio-navigation station 
and a radio direction finder. 





Hydrofoil Cutter Underway 


HYDROFOILS FOR PLEASURE BOATS 


The “Krasnoye Sormovo” Shipyard and the Ba- 
tumi Shipbuilding Yard are engaged in building a 
series of hydrofoils which can be used on the rivers, 
and along the seacoasts of the Soviet Union as pleas- 
ure craft. The seagoing craft is an off-shoot of the 
“Krasnoye Sormovo” design for river use and its 
main elements include: 


EE ER ac eka ss 5 Caeees couse ease nde eaee 27.9 
Pe Ne NE bes eee id ws cele. Ci eswee Siac 6.4 
Height of side amidships, feet .................eeeeee 3.28 
Height to top of windshield, feet ...................... 48 
Draft afloat, greatest (to propeller), feet .............. 2.79 
Draft underway, on hydrofoils, feet .................. 18 
Displacement, tons 

NE Gio n wain UU ens Shas e ca Be oebadadeab bake cas ebGligs Ki 18 

RE nO ae Pee PA EEE Pon Tey TS Tee Te: 1.245 
Speed at full displacement, miles per hour ........... 37 
I Io o5 6 oo i.o 55 cise cbc beeegvecseayees 21 
Ca I I nese eas I A 112 
PE I he sik cae wick idle dnd éPeiagsicsinige tay 6 


The craft may be operated in 3-foot high waves, 
when it is possible to attain a speed of 22 miles per 
hour; the craft will make 30-34 miles per hour in 
lesser wave conditions. 
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All main hull parts are of duraluminum, Mark 
D16A-T (plate) and D16-T (shapes). Bottom plat- 
ing ranges in thickness from 0.0585” to 0.078” whiie 
side and deck plating measures from 0.039” to 0.078”. 
The areas where the foils are joined to the hull 
range up to 0.117” in thickness. 

The hydrofoil installation consists of two bow 
foils and a stern foil with stabilizer flaps. The ele- 
ments of the hydrofoils, as given, are: 


Ist Bow 2nd Bow Stern 
Foil Characteristics Foil Foil Foil 
GN EE eles obs caltseesevsc 0.82 0.82 0.82 
WR, Ta SS. SERS 5.58 5.74 4.40 
Area, square feet .............. 4.58 484 3.60 
V-shaped angle, degree ....... —2°9’ 2°29’ 3°15’ 
Angle of backward sweep, 
Ce, EBA ey 0 15°40’ 0 
Relative elongation ............ 6.80 6.81 5.36 
Relative profile thickness ...... 0.055 0.055 0.055 


The engine, mounted in the stern along with the 
fuel tank, water filter and coolers, is a converted 
automobile engine Mark GAZ-652, rated at 77-hp. 
The reverse-reduction gear and the storage battery 
are located outside the engine compartment, for- 
ward of the engine, under the floorboards, as shown 
in the cut. 

A three-bladed, stainless steel propeller with a 
diameter of 1.148 feet, a pitch of 1.765 feet and a 
disc relationship of 0.75 is installed. The reduction 
gear ratio is 1.55:1. 


HYDROFOIL METEOR 


The latest in the family of hydrofoils being pro- 
duced in the Soviet Union is Meteor (see cut), 
tested under river conditions in November 1959. 
River tests were followed by tests on the Gorkiy 
Reservoir, simulating sea trials, and then by actual 
operational tests on the Azov and Black seas. From 
the reports, all these tests were satisfactory. 

As distinguished from Raketa, described in the 
“Journal,” November 1958, p. 621, Meteor compares 
as follows: 


Characteristics Meteor Raketa 
Lami evereh: $600 36. eee ek 113.0 88.3 
I A IE isos sh i eed 19.7 14.4 
Draft, underway on foils, feet ............ 3.94 3.6 
Displacement, full, tons .................. 52.16 23.0 
Main engines, horsepower ................ 2x850 1x900 
Speed at full displacement, knots ......... 39 33.1 
Maximum speed, knots ................... 44.2 39.1 
Passenger capacity: 

SOE I co oiiha Seas sauce 84 Sasa ond 130 a 

PIN TE 555.5 5 6 oc Sas whe wkcemesce be 150 66 


Meteor is the latest product of the “Krasnoye 
Sormovo” Shipyard in Gorkiy. The hull is of dura- 
luminum, Mark D-16, and is of riveted construc- 
tion. An elastic, plastic coating has been applied to 
the underwater parts to protect against corrosion. 

Propulsion is provided by two M-50 diesel en- 
gines rated at 850-hp each, with each engine di- 
rectly coupled to its own shaft. The engines are 
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The passenger hydrofoil Meteor during underway trials 


controlled directly from the wheel house through a 
hydraulic system. 

In addition, mention has been made of an even 
larger hydrofoil, Sputnik, which is in the design 
stage in the same shipyard. It will be more power- 
ful and its speed will be on the order of 55 knots. 
Capacity will be twice that of Meteor. There is fur- 
ther mention of use of hydrofoils to carry cargo, a 
future development. 


PORT ICEBREAKERS 


Although there appears to be some confusion con- 
cerning the progress being made in the construction 
of the port icebreakers scheduled for the Admiralty 
Shipyard in Leningrad, the characteristics for the 
ship, designed for use in bringing ships through 
icefields into icebound ports and assisting in port 
operations, are available as follows: 
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I OI OI oo ooa's ccs a pds cor bmediobs oareemvieepe 222 
Mae IN DORE Ooi ick os cc tesbocceccnests 203 
Se I I rds as ca, cc cited eins cde ence eins 59 
I I EY ae ce ibe 57 
I OE oo bb oo Seba csiedrsvavcsdeaveaekehvceane 18 
I a a a el 27 
Dippiaoement, sorta). teria 3... is6i i. cc ciieecccscccues 2718 
RTE eet eee ame me 2 Diesel-electric 
PUN ic A iia ole og nc Macs wien Sid hoa soe ae 5400 
Cruising radius at 13.5 knots, miles ...................- 5600 
Endurance at full power, days .................e+00005 17 
NE Shc 5 ot) Pte sce ee hoa ne cen caeneet 13.5-14 
Crew, Mretuding 13 Gillette)... iideccicccccensceccoccecs 39 


Draft limitations, imposed by port water depths, 
correspondingly limited the weight indices for the 
ship and limited the selection of the type of steel 
used in the hull. Design is, however, in accordance 
with the requirements of the Rules of the Register 
of the USSR for Category I ships classed ULR 4/1 
S (Icebreaker). Protective plating is 0.624” thick 
amidships and in the stern and 0.700” in the bow. 
Plating is an alloy steel. 


Soviet designers used the theoretical plans for the 
hull of Ilya Muromets, a steam propelled icebreaker 
built in Sweden in 1941 and now operating in the 
Far East, as a model. Certain of the flat sections in 
the original plans were, however, eliminated in or- 
der to reduce drag and the hull of the new ice- 
breaker class was streamlined accordingly. The hull 
is divided into eight main, watertight compartments 
and longitudinal watertight bulkheads have been 
installed in the machinery spaces to provide what 
is called a “second hull.” Any one compartment can 
flood without creating adverse stability conditions. 

Three propellers will be fitted, one in the bow 
and two in the stern. 

The main diesel-generators will be installed in in- 
dividual compartments and controls will be cen- 
trally located. It is claimed that the watch will be 
stationed in a soundproofed station and that con- 
stant engine supervision will not be needed. The 
main distribution switchboard, control panels and 
the electric motor control station are all located be- 
low decks between the diesel-genator compartments. 

Propulsion is accomplished by the use of direct- 
current drive motors, the power. supplied from the 
three main generators, diesel propelled. The aggre- 
gate is the 13D100 diesel and the twin-armature 
generator PN-145, rated at 2x625-kw at 400 volts. 
The system is flexible enough to provide for (a) 
operation of one of the two diesel-generators on the 
bow drive motor, (b) operation of any two diesel- 
generators on the two stern drive motors, (c) op- 
eration of three diesel-generators on the two stern 
drive-motors and (d) operation of any diesel-gen- 
erator on the two stern drive motors. 

Three ship’s service diesel-generators, alternating 
current, DGT 200/1, with a total power of 600 kilo- 
watts are installed. The prime movers are the 6Ch 
25/34 diesels. At anchor power is provided by a 
standby diesel-generator rated at 100-kw. 

A heeling system is installed which will auto- 
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matically shift ballast from one side to the other in 
approximately two minutes, during which time the 
angle of heel will be at least five degrees. A differ- 
ential system will be used to change the fore and 
aft draft by 3.28’ in 12 minutes. Both systems will 
be centrally controlled. 

An automatic towing winch, installed aft, has a 
towing power of 25 tons when the main towing 
drum is used and 10 tons when the auxiliary drum 
is used. 


RIVER PASSENGER SHIPS 


The passenger motorship Oktyabrskaya Revol- 
yutsiya (October Revolution) is the first of a new 
series of river ships to come out of the “Slovenska 
Lodenitsa” Shipyard in Komarno, Czechoslovakia, 
ordered by the Soviet Union. The prototype is Ro- 
dina, a series of which has been, and is, building in 
East Germany. The new ship is in use on the long 
runs between Moscow and Astrakhan and Moscow 
and Rostov. It will, in the future, be used between 
Moscow and Leningrad. Although the class leader 
was completed in 1958, its characteristics, which 
follow, were only recently released: 


NNR CUMIN TUN 965 o:afe 5:0. piste wie. ere 9's. giae'o's, Vin aie 4 wae 80s 315 
Length between perpendiculars, feet ...............++- 300 
UN OE igs oe cos sine Seccinn oes towe pte acsh ee 49 
Height of side, amidships, feet ...........20...cceceuss 14 
I I ae i oad cs conc de gika edie Sewe sions 8 
Main engines, 3x525 horsepower .............++++eeeee+ 1575 
Engine revolutions per minute ................seeeeees 480 
Speed in deep water, miles per hour ................-- 16.8 
Passenger capacity: 

IE SS Sr OL Ekle cnr ce piecens Ges'sd ba mart v aoe Smee 424 

IN cestode bdo a os ca dalee eas Setioe Gaal aarde sere 324 
Pe UNUM 5s uta ee sce redGonsiveouennetets 100-150 
MER > siaiclerit >, oP URnn gerbes’ osteo € baad 01410 ees aol eerien 72 


The three main engines are non-reversible, 4- 
cycle, 6-cylinder Skoda diesels, Mark 6C275B, with 
gas turbine supercharging which increases the 
horsepower output from 400 to 525 at 480 rpm. 
Power is transmitted to the propellers through re- 
verse-reduction gearing with a ratio of 1:1.625. A 
hydraulic friction clutching arrangement serves to 
couple the engines to the shafts. Remote controls 
are located in the wheel house. 

Propellers are of steel, 5.5 feet in diameter with 
a pitch of 5.5 feet. 

During the 1959 season operations were conducted 
on an experimental basis and, because of low water 
conditions on the Danube during downstream pas- 
sage to the Soviet Union after completion, deep 
water tests were not conducted. These tests were 
to have been carried out this past spring on one of 
the Volga reservoirs. 

Yet another passenger type is Yerofey Khabarov, 
built in the Obuda Shipyard in Hungary on plans 
provided by the Central Planning-Design Bureau of 
the Ministry for the River Fleet, and in conjunc- 
tion with the “Leninskaya Kuznitsa” Shipyard. The 
class is for use in the Amur and Irtyish river ba- 
sins and is designated as Project 860. A sister ship, 
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Tyumen, was built in the USSR, and a third, Du- 
nay, was also built in the Obuda Shipyard. Charac- 
teristics for this class are: 


RCN UNTER 6s ctu 0 bis cine cia ciladls og See ee esate ite 252 
Length between perpendiculars, feet .................. 244 
BE EY Bes oo 05) vie bo pile Haein ad danas cue ene eatin 50 
RE MI Sos. cin 50° ne os same tioemendciis sniet age 11 
ee | MA RAIA See Sr kha dar eat Ce 4.25 
De bo ee, ETA Te ts aE Spree 4.77 
Horsepower, 2x400 Bakau-Wolf diesels ................. 800 
Speed, deep water, miles per hour ...................65 13 
bg a i ee ia ree ee eS 308 
NT PUNE 551. ove ces cckarnc Cees deen ose eeses 710 
CORED: CMC. COE 6 ose sic ccins tee vetionssssaedbu ten 80-120 


The main engines are manufactured by the Karl 
Libkhecht Works in East Germany and are desig- 
nated as the R8DF-136, rated at 400-hp at 500-rpm. 
This is a four-cycle, solid injection, single acting re- 
versible engine. Remote controls are not installed 
in the first three of the class; the engines are indi- 
vidually controlled in the engine room. However, 
the first ships developed critical vibration and plans 
for future ships in the class call for the installation 
of supercharged engines operating at lower speeds. 

Navigation equipment installed in the Soviet 
Union includes the “Stvor” radar, the “Reka” fath- 
ometer and the GOM-4 electric log. 

A second series of the same class, building yards 
not specified, is headed by Semen Dezhnev and 
Dnepr. 


DIESEL-ELECTRIC DREDGERS 


In addition to dredgers from Czechoslovakia (see 
the “Journal,” November 1959, p. 707), the Soviet 
Union has contracts with East Germany to provide 
multi-bucket, diesel-electric propelled dredgers with 
a capacity for handling 523 cubic yards of material 
per hour. (See cut). The building yard is in Rosslau 
and construction is in accordance with the Rules for 
the Maritime Register of the USSR, Class R 4/1S. 

The first two units, Kuban-1 and Turali, went 
into service last year and the characteristics, as pub- 
lished, are: 


pe ae | See regener en te nn 183 
een GUNG NEE. 6653s Oe Se ee 32 
MEE ECON TOE oc ars s AGS cietice Samo meas tetas 13 
ME TOMI a eileen So ony. wan roles ove Nia endear ae MRTo ace 8.2 
RON OI 5 nsin's..6 oaks he cdinae Pah cere Sas 1000 
Speed at draft of 8.2’, miles per hour ................ 6 
DO NE. OE 5 ons 5 5 Ee Seer eee eee 39-46 
CRO MONIIONE 00.5.5 bobs. cote ase dipeeetawiasteeseees 39 


The hull is of all-welded construction and is di- 
vided by watertight bulkheads into seven compart- 
ments. A double bottom extends the entire length 
of the hull and provides storage space for fuel, water 
and ballast. The fuel supply is adequate for 15 days 
of continuous operation. 

The main propulsion plant consists of two diesels, 
model 6DV-136, rated at 300-hp at 500-rpm, driving 
200-kw generators at 230 volts. The steel propellers 
can be driven at 375-rpm off the main drive motors, 





East German-built Diesel-Electric Dredger 


which are direct current, 140-kw, through reduc- 
tion gearing. 

Dredgers to be delivered in the period 1961-1965 
will have automatic and remote controls for the 
power plant and many of the operations now done 
by hand will be mechanized. 

The Omsk Ship Repair Yard, on the Irtyish River, 
has built a smaller version of this multi-bucket, 
diesel-electric dredger. The Omsk version will han- 
dle 327 cubic yards of heavy material at a depth of 
up to 26 feet. The first unit off the production line 
has been named Irtyishkiy-4. This latest addition to 
the dredger fleet on the Irtyish River can, it is said, 
be operated by one man from either the main, or 
the auxiliary, control station. 


LENIN-CLASS PASSENGER SHIP 


This class of river passenger ship was mentioned 
briefly in the May 1958 issue of the “Journal,” page 
214. Additional information on the class includes: 


SE: OE BU IONE 5 ccsisics dans ids xh oe RaW oe PORES 16.4 
TOPOEG BE TA A BORE 5 oo ip cnce's Vigis cn es oui dele MMe od 7.86 
Coefficient of form: 
eo ie ee EN Rly: SRD tes eK Sceace wba: 0.84 
PPS Fs Bate REI oes ile Se UPR NG TED eee 0.92 
Pianeta wes Aik. SéMES ov des ills LR Ta seat, ae 0.66 
I FOIE 5 ants his ecyee acs ata 2320 
I MONE Boo os oben goto dk we aE oe edad 439 


Only two of the class are known to be in service, 
Lenin and Sovetskiy Soyuz, both of which were 
built in the “Krasnoye Sormovo” imeni A. A. Zhda- 
nov Shipyard. Both are classed in the River Regis- 
ter as Category “O” (Lake). 

Main and auxiliary machinery controls are lo- 
cated at a central station on a platform in the en- 
gine room. Each of the three units used for propul- 
sion consists of a six-cylinder diesel, Mark D-50, 
supercharged, rated at 900-hp at 720-rpm. The prime 
mover is connected, through a flexible coupling, to 
a direct current generator, Type MPG 84/39, rated 
at 605-kw at 720-rpm. At full power, 1800-kw, 
hourly fuel consumption is 6.34 ounces per horse- 
power and efficiency of the plant, taking into ac- 
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count electrical transmission losses, is said to be 
83-83.5 per cent. 

Each of the three shafts has its own main drive 
motor and motor rating is 750-hp. The four-bladed 
propellers originally installed were found to have 
caused excessive vibration throughout the ship and 
have been replaced by three-bladed propellers 
which are 5.5 feet in diameter and have a pitch of 
5.1 feet. Use of the new propellers, with the amid- 
ships unit making 357-rpm and the outboard units 
making 362-rpm, resulted in a speed of 16.8 miles 
per hour, as against the 15 miles per hour originally 
indicated. 


Kirgizstan-CLaSs PROPULSION INSTALLATION 

Kirgizstan, first of a series of passenger ships built 
on the Baltic for use on the Caspian Sea, has two 
8DR 43/61 diesel engines for main propulsion use. 
This model engine is rated at 2000-hp at 250-rpm, 
and is a product of the “Russkiy Dizel” Works. 

Trials of the vessel were interesting because this 
is the first time that this particular model engine 
has been used in a twin screw ship; each engine is 
directly coupled to its individual shaft. Turns, fuel 
consumption and other thermal parameters were 
measured at all speeds, up to overload, and down 
to the minimum turns possible without stalling the 
engines, Standards established in the factory on test 
stands were used during the trials for comparative 
purposes. 

During underway trials it was found that stand- 
ards for maximum combustion pressures and aver- 
age exhaust temperatures were attained at 234-rpm 
for the port engine and 238-rpm for the starboard 
engine, at which turns the engines developed 1775 
and 1760 effective horsepower, respectively. Fuel 
consumption was 5.9 ounces and 5.7 ounces per 
horsepower per hour, respectively, at this speed. At 
full power it was found that the port engine devel- 
oped 1970-ehp at 250 rpm, consuming 5.8 ounces of 
fuel per horsepower per hour, while the starboard 
engine, although developing 2130-ehp at the speed, 
could do no better than 244-rpm. At this speed con- 
sumption of fuel was at the rate of 6.1 grams per 
horsepower per hour. 


The difficulty on the starboard side appears to 
have been the result of incorrect propeller installa- 
tion, or perhaps of damage to the propeller during 
the trials. 

Backing down was carried out from between 21 
seconds to 1 minute 36 seconds, time intervals 
which, although within the limits permitted by the 
Register of the USSR, are considered to be ex- 
cessive. No difference in time was noted for moving 
from “full ahead” to “full astern” from either the 
remote control station or from the engine room con- 
trol station. 


COAL-ORE CARRIERS 


The Varnow Shipyard in East Germany has been 
building a series of coal-ore carriers for the Soviet 
Union which are capable of carrying some 6400 tons 
of cargo. The first of the class, Ugleuralsk, was de- 
livered in 1958 and since that time nine additional 
ships of the class have been turned over to the 
Soviet Union. 

Specifications for construction are those of the 
Register of the USSR and the ships bear the Reg- 
ister classification UL R 4/1 S (ore carrier). Char- 
acteristics of the class include: 


es I oa i oa Sicia ko, wis ba as city's owe ee 440 
Length between perpendiculars, feet ................. 413 
I NN 6 0 ds /auy's to, od. n'g 6:0 see cste a einer 56 
Height of side to main deck, feet ...................5. 31 
Draft at full load: 

i SN So ge ree ta cele bance ria san ns 24 

Fe I IRE, oS Sook CANORA Winie'bele gviadbee nn 25 
et eee eT 11080 
Deadweignt at 26 Gratt, tons. .....- 2.60. cecccccccceses 7184 
Useful cargo capacity over 6000 miles, tons ........... 6398 
gale Rs SS Aa ae 2S A ee get 5628 
nes Oe TAO, BNR os 6.3 os soe ik eeu 15.51 
Ee I oii cipisse sivas bo dale dares A beis bm sys ee aiais 4700 
IE: vo cio cd ie dau se cnn tec eemac ed cas ct tomes mew baee 34 


Hull structure is such that the class can easily 
operate astern of an icebreaker in any ice condi- 
tions, as well as independently in thin ice. The hull 
is divided into eight watertight compartments, any 
one of which can be flooded without danger to sta- 
bility. Holds 2 and 5 are built with smooth surfaces 
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View of the coal-ore carrier of the Ugleuralsk class 
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in order to facilitate the loading and unloading of 
ore and coal. All hatches are fitted with MacGregor, 
quick-closing covers. 

The main engine is a 7-cylinder, two-cycle, MAN 
diesel, Mark K7Z70/120C, certain of the charac- 
teristics of which are: 


Effective horsepower at 115-rpm ................eeeeee 5400 
Effective horsepower at 110-rpm ..................005: 4700 
Se es aS er . 366 
Fuel consumption, 110-rpm, ounces/ehp/hour ......... 5.5 


Supercharged, air start 


The bronze propeller, right-hand rotation, is 17 
feet in diameter, four-bladed, weighing approxi- 
mately 10 tons and has an efficiency rating of 0.636. 
Pitch is 14.2 feet and the disc relationship is 0.40. 
The developed thrust is approximately 92,000 
pounds. A spare propeller, made of steel and with 
detachable blades, is carried on board. 

While the class is operating successfully, most of 
them with the Black Sea Steamship Company, tests 
of the first of the class, Ugleuralsk, conducted in 
the summer of 1959, turned up certain design faults 
which will need correction. Ugleuralsk failed to 
measure up to seakeeping characteristics expected 
of ships of modern design and construction. Above 
13.5 knots loss of speed and excessive drag devel- 
oped. Soviet naval architects believe that reducing 
the 17° angle of the hull at the waterline at full 
load to 12° will correct this fault. Under actual op- 
erating conditions, with the ship loaded to a mean 
draft of 23.3 feet, a speed of 14.7 knots was made 
with the engine operating for 115 shaft revolutions. 
At this speed developed horsepower was 5260. 

Comparative tests were made in calm water, dur- 
ing which it was found that the rated horsepower of 
4700 could be attained at 111.5-rpm, resulting in a 
speed of 14.5 knots. The time to go from “full ahead” 
to “full astern” was 3 minutes 13 seconds, during 
which time the ahead reach was 230 feet, or little 
more than half a ship’s length. 

The critical speed range, both ahead and astern, 
was found between 75-95 rpm, causing much con- 
cern because, in rough weather, normal speeds are 
right in this range. When backing down, “full 
astern” falls in the 90-95 rpm range. This fault, in 
addition to causing real operating difficulties, re- 
sults in more than normal vibration of the hull when 
passing through the critical range. 

Finally, the installed cargo handling gear was 
found to be too light for rapid operations. 


COTTON-TIMBER CARRIERS 


Inzhener Belov (see cut) is the first of a new 
series of cotton-timber carriers to come out of the 
Navashino Shipyard for use on the Caspian Sea. The 
new class is build on slightly modified Oleg Koshe- 
voy tanker class specifications, as may be seen from 
the comparative figures which follow for the two 
classes: 








The Soviet-built Cotton-Timber Carrier Inzhener Belov 


Belov Koshevoy 


EGRIGUL OVEDRIL JOCE oe... eon gets nsino ns sces 394 405 
Be IE le i as os con Ss aus bs oon enone 49 52 
TREN OE GH, BONE Bs aes 21 18 
Capacity at 10.5’ draft, tons .............00.: 2500 2600 
Capacity at 13’ draft (sea), tons ............ 3700 4000 
Full displacement, tons ...............sese00: 5327 6030 
Mean draft at full displacement, feet ........ 13 13 
RN aes. UA cadre t ccutiet ta see teeket ties ewan 27 44 


The new ship is an all-welded one, carrying two 
modernized versions of the Mark 8DR 30/50 diesel 
engine for main propulsion. The new model is des- 
ignated 8DR 30/50 M55 and has a rating of 800-ehp 
at 300-rpm. The engines are clutched to the shaft 
and the propellers are shrouded. 

Three of the class have been anonunced, one of 
which has been built with rudders rather than di- 
rectional shrouds in order to arrive at comparative 
efficiencies of the two types of steering control. 

All have quick-closing hatch covers. Three diesel- 
generators, alternating current, 230 volts, 65-kw, can 
be paralleled on the main distribution switchboard 
to serve the ship’s service network. 


RIVER DRY-CARGO MOTORSHIP 

The Shestaya Pyatiletka (Sixth Five-Year Plan) 
is the first of a series of dry-cargo motorships which 
have been built in the “Krasnoye Sormovo” imeni 
A. A. Khdanov shipyard and is a modernized ver- 
sion of a series built between 1948 and 1953. How- 
ever, the volume of modernization work was so 
great that only the theoretical plans and the basic 
dimensions of the original project were retained. 
Present elements of the design are: 


ee EE a ON ete r= 306 
Length between perpendiculars, feet .................. 295 
PS TE. hb oS sie sv «vive dixie, <0 4h vis ohvele's EV RRON MON 42.6 
I WU BG aoc i 56 5.0.0.0 4.9.050,0 5.0 0 v0 sas od PBR Si 15.7 
TS eee ey ee 9.2 
Cargo capacity at draft of 9.2’, tons .................. 2000 
DORE CII iasciesd. nin 1:45 09 GFN SR < hy ohne 2740 
Speed, WE DOE MIE as osc sien bo ea A Ne ate 12.5 


Construction is in accordance with Register re- 
quirements for Category “O” (Lake). If operating 
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conditions correspond to Register requirements for 
Category “R” (River), the ships in the class can 
operate at a draft of 10.5 feet and the cargo capacity 
can be increased to 2400 tons. The hull is strength- 
ened so that the ships can operate in ice which has 
already been broken up. 

The machinery spaces and the superstructure, 
which contains the living spaces for a crew of 24 
and 4 students, are located aft. The four cargo holds, 
all forward of the superstructure, extend over a 
length of 216 feet. A double bottom under the holds 
will take from 700 to 800 tons of liquid ballast which 
is used to equalize the draft when loaded and to 
protect the hull against hogging or sagging when 
the ships are running empty. The hatch openings 
are 28.8 feet on a side and, compared with the 
earlier class, open up 70 percent more deck. There 
are no pillars in the holds. 

Main propulsion is provided by two Bukau-Wolf 
diesels, Mark R6DF-148, rated at 500-hp each at 
350-rpm, directly coupled to the shafts. Propellers 
are four-bladed. Controls are located in the wheel 
house. 

The starboard shaft carries a direct current gen- 
erator rated at 23.5-kw at 220 volts and is desig- 
nated as Type PN-200. When the ship is underway 
this generator provides for ship’s service needs. 
Voltage regulation is accomplished for all speeds 
from full down to half ahead. Below this range, 
down to slow speed, or when stopped, a standby 
generator cuts in automatically within 7-10 seconds. 
There are two such generators, diesel driven by 
type 4Ch-10.5/13 engines rated at 40-hp at 1500-rpm. 
In the interval between changeover, a storage bat- 
tery installation, 220-volts and 45-ampere-hours, 
cuts over to the switchbuard bus bars automatically. 
Battery charging is done from the underway gen- 
erator. An alternating current supply is also avail- 
able for limited use. 

Whereas the previous class had been fitted with 
three rudders, this class is fitted with rotatable, di- 
rectional shrouds. 


ROADSTEAD TANKER 

The first of a series of small, roadstead-type tank- 
ers, of 500 tons capacity is presently in service and 
bears the designation MNS-11500. This is a single- 
decked, single-screw motorship with four cargo 
tanks. The engine and pump rooms are aft. 

Built to ice classification in the Register of the 
USSR, the tanker can operate in broken ice in har- 
bors and roadsteads, and was designed to fuel ships 
in such areas. Certain of the characteristics are: 


I: MIN TIO F556) 2.0 Goek-wae sci oee eesene tenet 173 
SNM, OUI 1006.54.50 See ee Renan side cae ha deaths lees 30 
AE UG ONE eo een g else ne bis CET eae te eke roe 11 
een GN: TNs ks. a CAT a SA LR 980 
Mean draft at full displacement, feet ................... 10 
COW  CUCOINIID |. ic iseceinse nth cst 18 


Hull and superstructure are of all-welded, steel 
construction. 
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The main engine is a Mark 6SChP 23/30 diesel 
engine rated at 450-hp at 1000-rpm. A geared-reduc- 
tion couples the engine to the shaft and reduces en- 
gine turns to 338 shaft turns, maximum. The propel- 
ler is shrouded and four radial fins, fitted to the ex- 
ternal surface of the shrouding, assist in maintain- 
ing steering control. Movement of the shrouding is 
controlled through a combination electrical and 
hand steering engine Mark REGZ-2. 

All auxiliaries, with the exception of the cargo 
pumps, are electrically driven. The cargo pumps are 
steam propelled. Fire protection is provided by 
water, carbon dioxide, and steam smothering sys- 
tems, as well as by a system of liquid chemical- 
steam smothering not otherwise described. 


SEAGOING TRA WLERS 

Okean is the name of the first of a long series of 
medium sized fishing trawlers contracted for by the 
Soviet Union in East Germany and built in Stral- 
sund, commencing about 1958. The basic character- 
istics of the class are: 


IIE HIME hina Noe oo ticlei Ge eh ecs cv celéeoes Gee 166 
Length between perpendiculars, feet ................06. 145 
sO IN aos fateh apo sie ace vie sie: odie Gongs ce sinkeealg 29 
SS OO a ee ee 14 
Drait at fall displacement, feet ...........ccccsccccvecs 11 
rate CI GON oi ne cog cto cccnccecccase eee 748 
Main engine (Mark R8DV-148), ehp at 275-rpm ........ 540 


Trawlers of this type, which have the engine 
coupled directly to the shaft, when operating at 
normal working speeds of from 2.5 to 4 knots, waste 
a considerable part of installed power because, at 
these speeds, the engines are operating at about 80 
per cent of their rated capacities. In an effort to ar- 
rive at a better arrangement, East German engi- 
neers, in the course of 1957, conducted experimental 
work on a fishing vessel with the designation 
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SAS-216, which was fitted with the usual three- 
bladed propeller, then with a dual, or tandem pro- 
peller (see cut). Results with the latter proved to 
be sufficiently interesting to fit Okean with the ex- 
perimental model, again for comparative purposes. 

Two propellers were manufactured for Okean. 
One was the usual steel, three-bladed type, the 
other a steel, welded, dual, six-bladed propeller. 
The comparative figures for the two follow: 


3-bladed Dual 
Diameter, inches ................ 721.5 702.0 
jo Se ee ee ere ee 64.9 51.9 (forward) 
56.9 (aft) 
Pits POUONUION 5 occ ccc cceccs 0.9 0.74 (forward) 
0.81 (aft) 
Dise relationship ................ 0.5 0.35 (both) 
Wel, POUNES: (6. Siseses ieee 1363 1255 
EEL. «- «. repiniiane oa eke wie met Right Right 


Ordinarily, because of the severe corrosion en- 
countered in the use of cast steel propellers, and the 
correspondingly short periods of service obtained 
by trawlers and other fishing vessels using this type, 
stainless steel is recommended. In fact, the “Lenin- 
skya Kuznitsa” Shipyard, Kiev, a building yard for 
medium fishing trawlers, has gone to stainless steel 
propellers as a regular practice. In addition, it ap- 
pears to be Soviet practice to use welded steel pro- 
pellers for small ships only. 


Okean was used as a test vehicle because results 
obtained in 1957 with the use of the dual propeller 
were so favorable, rather than because a propeller 
of this type satisfied trawler requirements as proven 
in practice. The North Sea was chosen as the testing 
grounds. 

Almost at once, however, tests were called off as 
severe vibration developed after the dual propeller 
had been installed. Preliminary tests had indicated 
that there was little to choose from, so far as tow- 
ing and speed characteristics were concerned, be- 
tween the two types. However, when investigation 
revealed that the vibration had resulted from a 
blade having broken off as a result of a welding 
fault, it was decided that this type of propeller 
needed further study. 





Stern view of push tug Lyublin showing unsatisfactory rud- 
der design 


TUG-PUSHER Lyublin 

The new, experimental, tug-pusher Lyublin was 
turned over to the Volga Tanker Steamship Line 
during the 1959 season, ready for operational use. 
The new tug-pusher is basically similar to the Plev- 
na-class described in the JouRNAL, February 1960, 
p. 177. Main differences are in the rudder installa- 
tion (see cut) and in the electrical equipment and 
instruments connected with the installation. 

Lyublin is a twin-screw, lake-type tug-pusher 
with wheel-houses on the main, boat, and upper 
decks. The hull is strengthened for ice use and is 
designated as a “Lake” type ship in the Register of 
the USSR for use on the Volga and Kama rivers. 

This is the first of a number of tug-pushers in the 
1340-hp class and is equipped with rudders rather 
than with directional nozzles, as had been the case 
with smaller, previously built units. During trial 
runs operation in the ahead direction was satisfac- 
tory, but in the astern direction the pusher did not 
respond to her rudders, either when coupled to a 
barge, or when operating independently. 

Several trips were made to the yard to change 
the rudder area, increasing and decreasing the area 
as suggested by trials and, apparently, errors. Noth- 
ing worked. It was also found that the speed ob- 
tained, both pushing and towing, was lower with 
the rudder installation than with nozzles. 

Soviet designers indicate they will return to the 
directional nozzle design in future tug-pushers. 


SALVAGE-RESCUE SHIP 


Pamir (see cut) is one of four rescue ships built 
in Gefle, Sweden, for the Soviet Union during the 
period 1958-1959. The others are Aldan, Agatan, and 
Arban. Their intended use is to assist ships which 
have gotten into difficulties on the high seas, on in- 
land seas, and along the coastal areas. They are 
equipped to seek out ships in distress, to tow ships 
of any displacement, to break ice, and to carry on 
ship salvage and diving work in water depths of 
from 197 to 262 feet. 

Although the ship was built to class in Lloyd’s 
Register (100A1), its stability is in conformity with 
the “Temporary Norms for Stability of Merchant 
Ships” of the Register of the USSR, published in 
1948. 

Characteristics of the class include: 


Lien Overel, Fee i 20 5 BE aad 256 
Length between perpendiculars, feet ................. 236 
BGI QUONOS TAB): 5 ins crc cactinie's abs di veer bas Cate ies 42.2 
Height of side amidships, feet ....................000- 17 
per SEITE ONE ols 0 gc a as'e Ss bs cue o vdiore oso ose 2032 
Mean draft at full displacement, feet ................. 13.4 
Main engine, erp (2NZ100) oie eed ke ot 4200 
WE Eon eC bleh ok apis ones oc seen ke 17.5 
Dcerens Gee, Meee 5365) Series Sees ass 128 
Cruising radius at full speed, miles .................. 15200 
Cruising radius at economical speed, miles ........... 21800 
Endurance with full stores, days ...................05: 30 
MOE aS LSU cale beh 05 be been en se TUR eobaexk Pip ones 71 
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Swedish-built Soviet Rescue Ship Pamir 


The ship can deckload 15 tons aft and 10 tons on 
the forecastle and still retain her stability if an addi- 
tional loading of ice of as much as 50 tons is taken 
on on the decks, superstructure and rigging. One 
hold forward can take 50 tons and one aft will hold 
120 tons of cargo. Fuel tanks will load 350 tons, 
while fresh water capacity is 90 tons. Installed evap- 
orators will make 4.5 tons of water a day. 

The crew is housed in 1, 2, 4 and 6 place cabins, 
while the salvage party is housed under the upper 
deck in two spare bunkrooms for 8 and 18 men 
each. 

Main propulsion is provided by two 10-cylinder 
MAN engines rated at 2100-ehp each at 275-rpm. 
Shafts carry variable pitch propellers; propeller di- 
ameter is 8.2 feet and the three blades, made of 
stainless steel, are removable. 

Remote engine controls are located in the wheel 
house, as are the controls for the variable pitch pro- 
pellers. A second control station is located on the 
upper bridge, with a third station in the engine 
room. Engine control can be accomplished only 
from the main control station in the wheel house, 
however. 

The ship’s service and emergency electrical power 
installation is made up of five diesel-generators, al- 
ternating current, at 380 volts. Three are rated at 
160-kw, two at 75-kw. Three transformers supply 
the 220 volts used on the ships network. Power can 
be fed to other ships at 380 and 220 volts AC and 
220 and 110 volts DC. 

Yet another class of salvage-rescue vessel is 
headed by Atlant (see cut), a 2000-hp unit which 
is designed as well for icebreaking, towing and har- 
bor work. The single-decked ship is diesel-electric 
propelled and is classed in the Register of the USSR 
as UL R 4/1 S (Tug). Its characteristics include: 


Pe MI, SIN gv sine: civlo-w cies eusqnti sO 4b0:90:0- betaine 172 
Length between perpendiculars, feet .................. 156 
Beam overall (including rubbing strakes), feet ........ 38 
Pn Or ee GI, FOE bike i ceknne te swndues agrees 19 
IE SI I bad ci cabelie ns noe oadeans mona cabin 15 
I OE oo Ndi y c.o0:4.0 canoe cidld careeeekaeea 6 Gore 1190 
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The normal supply of fuel, water and lube oil will 
permit operations for a period of 20 days at full 
power. The operating area is unlimited and sta- 
bility is such that the ship will remain unaffected 
with one compartment flooded. A 26 man crew and 
salvage party is carried in one, two and four place 
cabins. 

The ship is equipped with big pumps, portable 
handy billies, foam generators and tanks containing 
liquid foam for fire fighting. Monitors can throw 
streams of water 165 feet. Drainage and salvage 
pumps, stationary and portable, 18 in all, can handle 
a total of 550,000 gallons of liquid per hour. 

The tug is equipped with diving gear and com- 
pressors for providing the divers with air, as well 
as equipment for underwater work involved in 
washing under a vessel aground, for electric weld- 
ing and cutting and other operations. 





The Salvage-Rescue Tug Atlant 


Communications installations include two all- 
wave receivers, an emergency transmitter, emerg- 
ency receiver, an automatic receiver for distress sig- 
nals, automatic alarm, a radio-telephone installation 
of the “Urozhay” type and boat radio stations. The 
radar is the “Don,” which is said to pick up targets 
at 40 miles, and an RDF installation. 

Two diesel-generators, direct current, provide 
power for the one main drive motor which has a 
constant power rating of 1400-kw at a voltage of 
920 and which makes 213-rpm. The diesels are type 
5D50, rated at 1000-hp. The main generators are 
rated at 760-kw, continuous duty, 460 volts, 740- 
rpm. 

The propeller is four-bladed, with a diameter of 
10.8 feet and a pitch of 6.46 feet. 


WAGE SCALES IN THE MERCHANT MARINE 


New types of ships, modern installations, more 
complex equipment, have all resulted in an in- 
creased need for more highly qualified specialists, 
both on the bridges and in the engine rooms, of So- 
viet merchant ships. Wages in the merchant marine 
are now reflecting the greater knowledge required 
for various groups of deck and engineering person- 
nel. 





KASSELL 


SOVIET ENGINEERING NOTES 





Seamen afloat are divided into eight pay group- 
ings, while shore workers have ten such groupings, 
all based on differences in ships and in categories 
of enterprises. For example, certain crew members 
are paid by gross registered tonnage, others by 
horsepower of the main plant, still others by elec- 
trical power, etc. 

From the standpoint of gross registered tonnage, 
ships have been grouped into 7 categories, rather 


What this all means may be seen from the fol- 
lowing example. Let us take a dry-cargo ship as- 
signed to the Black Sea Steamship Company which 
is listed at 10,000 GRT, with a main propulsion 
plant rated at 5000-hp. Under the old pay scale the 
captain received a; base pay of 1400 rubles a month 
and a longevity payment of 340 rubbles, for a total 
of 1740 rubles. Under the new pay scale he will re- 
ceive 2300 rubles, total. The second mate on this 





than the former 11, as follows: ship will be raised from 1025 to 1450 rubles. The 
chief engineer will jump from 1640 to 2100 rubles, 


while the second assistant engineer will move from 


Group GRT =P 1210 to 1700 rubles. 
1 up to 300 up to 300 The accepted conversion is four rubles to the 
: Pag Pg dollar, but it may be recalled that the so-called 
4 2501-5000 2001-4000 tourist” rate is quoted as ten rubles to the dollar. 
5 5001-10000 4001-8000 
6 10001-20000 8001-16000 
7 over 20000 over 16000 


RUSSIAN MERCHANT FLEET 


The statistical tables of Lloyd's Register of Shipping suggest that the 
existing Russian merchant fleet totals rather more than 3,000,000 tons, 
thus placing the U.S.S.R. well down on the list of the world's maritime 
powers. There has been more than one sign in recent months, however, 
that the Russians are taking an increasing interest in maritime trade, and 
in a speech delivered before the Senate of the United States, Senator 
Warren G. Magnuson has suggested that at the rate at which the U.S.S.R. 
is currently building ships her merchant fleet will exceed 13,000,000 tons 
in 15 years' time. In Senator Magnuson's view this expansion will intensify 
the cold war, and it is certainly a development that will engage the at- 
tention of all maritime powers. Hitherto the U.S.S.R. has been thought of 
principally as a land power. Will she, within a decade or so, become one 
of the three major maritime powers? Senator Magnuson sees the possi- 
bility as part of the U.S.S.R.'s strategy for world domination. What bet- 
ter way,’ he asks, could they proceed to ‘bury’ us and the rest of the 
Free World economically, than to drive other merchant shipping off the 
seas through devastating undercutting of rates, through dumping strate- 
gic materials on world markets at bargain-basement prices?" A substan- 
tial Russian fleet, he believes, would also be used to supply and sustain 
revolutionary movements abroad, as it has been used aude to supply 
arms to Egypt, to send Kurdish tribesmen to Iraq, and to penetrate eco- 
nomically into the Yemen. With her 500 submarines, Senator Magnuson 
already sees the U.S.S.R. as a sea power second only to the United States 
herself, and he points out that a 12-mile territorial water limit adds 
3,000,000 miles of additional coastal territory" to the Soviet Union. 
Both the RB-47 incident and events in Cuba lend substance to the Sena- 
tor's fears. 


—Shipbuilding and Shipping Record, July 21, 1960 
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YOUR GUIDE TO WORTHINGTON 
MARINE SERVICE AROUND THE WORLD 


When your marine auxiliaries are built 
by Worthington, you can count on find- 
ing identical services at the world’s most 
important ports. And Worthington ma- 
rine products are interchangeable because 
they duplicate American designs and 
are built to American standards every- 
where. Thus you can standardize with 
Worthington. 


The pictures on these pages show 10 of 
Worthington’s manufacturing plants 













spread around the globe. These plants 
are geared to handle repair or rebuilding 
of most Worthington marine products. 
In an emergency, a nearby Worthington 
plant will cut costly in-port time to a 
minimum. 


We would like to send you more 
information about Worthington’s com- 
plete line of shipboard auxiliaries. They 
include pumps, compressors, steam tur- 
bines, diesel engines, condensers, deaera- 














tors, ejectors, and air conditioning and 
refrigeration equipment. Please write to 
R. H. Davis, Worthington Corporation, 
Section 106-6, Harrison, New Jersey. 
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Tokyo, Japan. Niigata Worthington manu- 
factures almost a full line of marine equipment. 
Since 1953 thousands of tons of shipping built 
in Japanese yards have gone to sea with Niigata 
Worthington products. Engineers and techni- 
cians trained in the U.S.A. assure prompt and 
efficient marine service. 





Hamburg, Germany. Worthington has manu- 
factured marine equipment in Germany for 
more than half a century. After the war, opera- 
tions were transferred to a new plant in 
Hamburg. Completely equipped with modern 
precision machinery, Worthington builds 
pumps, compressors and deaerators here. 





















Brantford, Ont., Canada. 60 miles west of 
Toronto is this modern Worthington factory 
containing 60,000 sq. ft. of space. Here 
Worthington manufactures shipboard equip- 
ment and provides marine service. 
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Milan, Italy. One of Worthington’s largest on 
the continent, this plant recently supplied 
almost all the pumps for twelve 36,000 ton 
tankers. Builder of a varied line of pumps, com- 
pressors, turbines and refrigeration equipment, 
this plant as well as a new factory in Naples can 
handle all types of marine service work. 
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Le Bourget, France. Completely equipped with 
the latest modern machinery, Société Worthing- 
ton manufactures a complete line of marine 
products in a 20-acre plant near the famous 
Le Bourget airfield, four miles from Paris. 
This plant can give day or night service on 
Worthington marine products. 


Buenos Aires, Argentina. Worthington manu- 
factures pumping equipment in this plant in 
Buenos Aires. The facilities here can provide 
emergency service when needed by ships calling 
at the nearby port. 


Newark-on-Trent, Great Britain. 1200 employees 
operate this Worthington-Simpson plant. This 
completely integrated operation includes foun- 
dry, welding shop, plate shop, machine shops, 
and complete test facilities. It is ideally suited 
to handle marine service, repair or rebuilding. 


Madrid, Spain. This new plant in an outlying 
section of Madrid was built in 1954. Offering a 
broad line of shipboard equipment, this plant 
has furnished auxiliaries for 90% of the ships 
built in Spanish yards. This modern plant, 
with up-to-date machine tools and a large test 
stand, can give fast, efficient service on all types 
of Worthington equipment. 


Mexico D.F., Mexico. Worthington began 
manufacturing in Mexico City in 1950. Several 
expansions followed, until today the plant is 
equipped to repair and service most Worthington 
equipment. 


Rio de Janeiro, Brazil. Operated by technicians 
trained to U.S. standards, the new Rio plant 
builds marine pumps and compressors from 
Worthington drawings and specifications. 
Branch offices also help to assure you of fast 
service in Brazil. 






































LIEUTENANT ALBERT G. STIRLING, U.S.C.G. 


BASIC CONTROL CONCEPTS 
FOR PRESSURIZED WATER REACTORS 
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A great deal has been written about the various 
types of nuclear reactors and the physics which make 
the reactors possible. But how is this new power 
source controlled to give satisfactory marine serv- 
ice? This paper attempts to give some insight into 
the control problems of a typical pressurized water 
reactor in use by the Navy. This will be a very ele- 
mentary discussion of the basic control concepts of 
an operating reactor. Such details as start-up and 
actual control circuits will not be covered. 

To assist in clarity and to eliminate confusion, 
some definitions as used in this paper are given. 

The multiplication factor (k) is the number of 
neutrons produced per fission which are capable of 
producing another fission. k usually refers to an in- 
finite reactor, however, in this paper it shall refer 
to ker, the multiplication factor for a finite reactor. 
When k=1, k >1, or k < 1, the reactor is said to 
be critical (steady state), super-critical (increasing 


its power output), or subcritical (decreasing its 
power output) respectively. 


The neutron lifetime (L) is the average time be- 
tween successive neutron generations. The mean ef- 
fective lifetime (L*) is equal to L/k for large re- 
actors only. [1, 4] 


From the above definitions it is easily seen that 
the rate of change of neutrons per unit time is: 


ames | SD 5k n 
Soak FS 
integrating: 
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One final definition is that of the reactor period 
(T) 
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SYMBOLS 
i Concentration of the delayed neutrons of 
i~ the ith group due to previous fissions 
dc, 
== B n—A,C; 
ED 
I = Concentration of Iodine at time t 
k = Multiplication of factor for an infinite 
reactor 
k.;; = Multiplication factor for a finite reactor 
8k = reactivity 
L = Nuetron lifetime 
L* = Mean effective neutron lifetime for large 
reactors, L*=L/k 
n = Number of neutrons at time t 
n = Number of neutrons at time t=0 
P, = Steam pressure in secondary loop 
T = Period of reactor 
T,, = Temperature out of reactor (hot) 
T.. = Temperature into reactor (cold) 
Tay. = Average temperature in reactor, 
T,+T. 
T.<= nt Pe 
2 
T, = Steam temperature in secondary loop 
t = Time 
X = Xenon concentration 
GREEK LETTERS 
2, = Fraction of delayed neutrons in the ith 
group 
8 = Total fraction of delayed neutrons, ap- 
proximately 0.0075 
8k = Reactivity 
Yx = Fractional yield of xenon as direct fission 
product 
\ = Average decay constant for all delayed 
neutrons ~0.1 sec". 
A; = Decay constant for iodine 
A, = Decay constant for xenon 
x; = Macroscopic fission cross-section of re- 
actor fuel 
g, = Microscopic absorption cross-section of 
xenon 
g = Neutron flux in reactor 
Dodn rrr esse (3) 
r dt 
and substituting from equation (1): 
EEE POM saci s lS ebssw cans (3a) 


This result, combined with equation (2), allows an 
alternate definition which is: the period is the time 
required for the neutron level to change by a factor 
of e (2.718). 


The most important factor in reactor control, in- 
deed the phenomenon which enables a nuclear chain 
reaction to be controlled, is that of the delayed neu- 
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trons. Nuclear fission produces neutrons in two 
forms. Prompt neutrons appear as an immediate fis- 
sion product, while the delayed neutrons appear from 
the decay of the radioactive fission products. These 
delayed neutrons may be divided into six subgroups, 
but for simplicity this discussion shall consider them 
as one group constituting approximately 0.75 per 
cent of the total neutrons and appearing with an 
average decay constant of 0.1 sec. 

The effect of these delayed neutrons is best shown 
by an example. Equation (1) is for prompt neutrons. 
If delayed neutrons are considered, equation (1) be- 
comes [4] 


—— ee 


a _— ae N 
LL nt DAK iva giaaeese quate (4) 
integrating 
ASk B-dk 
— B B-oK Le 5k TE 
n=061 5a e 2—8k e } re iar (5) 


Substituting some typical values, k—0.003, L—10-’ 
sec., 80.0075, and t=3 seconds, [1] we see that 
equation (2) gives n=-8,000 n, while equation (5) 
gives n=2.1n,. If in equation (5) the first term on 
the right is considered the stable term and the sec- 
ond term is considered a transient, the stable period 
with delayed neutrons becomes 


_ p—8k 
~ 8k 
Again substituting the typical values as above, and 
comparing equations (3) and (6) we get a period of 
0.33 seconds and 15 seconds respectively. This ex- 
ample shows that without delayed neutrons, control 
would be practically impossible. It is only with small 
multiplications and long periods that stable operation 
is possible with fluctuating loads. 

One of the primary functions of a control system is 
to prevent the multiplication factor, k, from becom- 
ing greater than 1.0075. 0.0075 is the fraction of de- 
layed neutrons. Above this value, the reactor can 
sustain a chain reaction on prompt neutrons alone 
and the reactor will go onto a short period and run 
away. Such a condition is referred to a prompt 
critical. 


7 


The most advertised control feature of a pres- 
surized water reactor is its negative temperature 
coefficient. In a pressurized water reactor, the water 
acts as both a coolant and a moderator. The majority 
of all fissions in a thermal reactor are caused by slow 
(thermal) neutrons. The purpose of the moderator 
is to slow the fast (high energy) neutrons down to 
thermal energies by billiard ball-like collisions be- 
tween the neutrons and the hydrogen and oxygen 
nuclei of the water. However, as water is heated it 
becomes less dense and reduces the number of nuclei 
per unit volume, which reduces the number of col- 
lisions per unit time. Therefore, increased temper- 
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Figure 1 


ature reduces reactivity since there are fewer ther- 
mal neutrons produced per unit time. This condition 
is referred to as a negative temperature coefficient. 


Pressure changes cause a similar effect except that 
it is positive (i.e. increased pressure increases re- 
activity and vice versa). Because water is not very 
compressible and the pressure fluctuations are very 
small, the pressure effect is about one hundred times 
smaller than the temperature effect and is usually 
neglected. 


A third important factor in reactor operation and 
control is the fission product poisoning. Certain fis- 
sion products, notably xenon, and to a lesser extent 
samarium, have a large neutron absorption cross sec- 
tion which acts to reduce core reactivity. Xenon is 
formed, directly as a fission product and as a decay 
product of iodine (which is also a fission product) 
and is destroyed by neutron absorption and natural 
radioactive decay in accordance with the following 
equation. [3] 


dx ; 
Fen (VF 9) 9 = Aglh— AM 0.9, 5 ee a0 (7) 


After approximately forty hours of operation the 
xenon reaches a steady state where the rate of for- 
mation equalizes that of destruction and will not 
cause any further disturbance to the system. How- 
ever, after shutdown, because the iodine has a 
shorter half life than xenon, the xenon concentra- 
tion increases, reaches a maximum approximately 
eleven hours after shutdown, and then decays. This 
will have a considerable effect on operation after a 
short shutdown and will be more fully discussed in 
a later section. 


Relative to equilibrium 
Poisoning Reactivity 
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Ultimately it is the control rods which override 
all other influences on the reactor and give the op- 
erator positive control. In this paper, the rods will 
be considered in terms of reactivity. That is, a con- 
trol rod is a device for inserting either positive or 
negative reactivity into the core. The rods are con- 
veniently divided into three functional groups, shim 
rods, regulators, and safety rods. Shim rods adjust 
for long term transients in operation such as fission 
product poisoning and fuel depletion. Regulator rods 
adjust for variations in the thermal loading, while 
the safety rods provide the necessary negative re- 
activity to assure shutdown. The rods may perform 
any of the three functions except that the regulator 
rods are usually restricted to less than 0.0075 re- 
activity so that a control error will not permit prompt 
critical operation. 


There are many modes of operation for a pressur- 
ized water reactor. The two limiting cases and some 
compromises shall be described. 


The mode most favorable to the reactor is a con- 
stant average temperature, T.,,, program. The neg- 
ative temperature coefficient adjusts the power level 
to meet the throttle demands. When the throttle 
opens, the temperature, T., of the coolant returning 
to the reactor is decreased, this lowers T,,y, and in- 
creases reactivity. The increased reactivity increases 
the coolant temperature T;, out of the reactor and 
returns T,,, to its initial value. The temperatures 
and pressures vary as shown in Figure 3. 

The primary disadvantage of this program is the 
variable steam conditions, especially the decreasing 
pressure with increasing power. This pressure effect 
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requires special throttling devices and moisture sep- 
arators. 


The opposite extreme to the T,,, program is a con- 
stant steam temperature, T,, program. This program 
is the most favorable to the steam cycle and permits 
optimization of the steam plant and the use of stand- 
ard throttles and turbines. The disadvantage of this 
system is that control rod motion is required to offset 
the inherent T,,,. program of the reactor. The temper- 
atures vary as shown in Figure 4. 


The above descriptions are for a constant flow of 
primary coolant. The flow may be altered in two 
ways, completely variable, and variable only in dis- 
crete steps. For a T,,, program the temperature 
variations would be as shown in Figures 5 and 6. 
There are two advantages to be gained by combining 
variable flow with a temperature program. For max- 
imum efficiency it is desired to maintain T,,,, as near 
to the maximum allowable T;, as possible. Variable 
flow permits a high T,,, with a wide range of power 
variation. Also, when operating at low power, the 
plant efficiency may be improved by reducing the 
coolant pumping rate and thus reducing the power 
required by the reactor. 


The constant T,,, and T, programs are the two 
limiting cases, one favors the reactor, and the other 
favors the steam cycle. Compromise programs such 
as a constant T, or T;, program are also possible. The 
Nautilus operates on a constant T, program while all 
subsequent plants have a T,,, program. A good com- 
promise uses some program other than T,,. but has 
a slow control system. For slow throttle changes the 
reactor follows the designed program, but for rapid 
load changes, the reactor acts initially on a T.,, pro- 
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gram and then slowly returns to the designed pro- 
gram as the control system takes command. 


To show the effects of xenon poisoning on opera- 
tion after a short shutdown, assume that the reactor 
is started up eleven hours after shutdown. Bringing 
the reactor to normal power will cause xenon burn- 
out and will increase the slope of the xenon decay 
curve as shown in Figure 2. This rapid xenon poison- 
ing removal puts reactivity into the core and unless 
the control rods are moved to insert negative reactiv- 
ity into the core, the reactor will rapidly increase its 
power level. This poison burn-out requires constant 
rod motion until the steady state xenon concentra- 
tion is reached. The rate of change of this xenon re- 
activity sets a minimum on the speed of the cortrol 
rod motion. 


An inventory of typical values of the variable re- 
activity in a reactor provides a summary of the pre- 
ceding material and shows what net worth of re- 
activity is required of the control rods. [1] 


Negative Temperature Coefficient 


room to operating temperature.................... —0.05 
UNE < MUON PIII 5 65s, dine duis Cae ss phe seupacKets —0.10 
MUU NR en ik HS soci a css aren clarsh vical. lbreiacw.s Maat a6 —0.03 
Excess reactivity (for designed core life)............ 0.17 
Required safe shutdown reactivity 

Sieh EE PT CSE ooo hci cnden cer oes ccavebuecete —0.09 


From this table it can be seen that for the cold, clean 
reactor the control rods must have an initial worth 
of at least 0.26 to overcome the excess reactivity and 
to provide the negative 0.09 shutdown reactivity. It 
is also shown that the designed core life is that point 
when the reactor can not be started hot at peak 
xenon poisoning. That is, with the control rods at 


ee aseseensnene 


anne ‘mmcererss en Timea et WA uecseseensena 


ce 








Nae mS YT 


~ 


wer ee eS LS 


PAN PD 


a 





STIRLING 


PRESSURIZED WATER REACTORS CONTROLS 














f —T™ 
| 
| Tave 
| 
Fixed | *e 


a Flow Variable Flow - 





| 
| 
| 








Power Level 


Figure 5 


their extreme out position the 0.17 excess reactivity 
is insufficient to overcome the 0.18 negative reactiv- 
ity caused by the peak xenon poisoning, negative 
temperature coefficient, and fuel depletion. Note 
however, that if the reactor is kept running or only 
cold starting is used, operational life can consider- 
ably exceed the designed core life. 

The control rods themselves create problems. 
Their reactivity is not linear with their motion and 
each rod effects it neighbors in a manner peculiar to 
the individual core. The reactivity of the rod is linear 
with its motion only during the middle 40 percent 
of its travel due to the flux variations near the edges 
of the core. The speed of rod motion should be as 
slow as possible and yet sufficient to overcome such 
things as xenon burnout. It is a philosophy of con- 
trol design that if nothing moves fast there can be 
no fast accidents. 

It can be seen then, that a pressurized water re- 











Step changes in flow 








Power Level 


Figure 6 


actor presently possesses two great advantages over 
other types of reactors. One, it has a relatively simple 
control system, especially when operated on a Tay, 
program. And two, not discussed here, is the con- 
venience of water as a heat transfer medium. Since 
the reliability of a negative temperature coefficient 
is inherent, the pressurized water reactor is the best 
presently available for marine use where simplicity 
and reliability are paramount. 
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LYKES LINES USES BUFFALO FANS 


The SS James Lykes is the first to be completed of nine 
freighters now being built in accordance with the design 
of Gibbs and Cox, Naval Architects, the start of a half- 
billion dollar construction program calling for 53 new 
Lykes Brothers cargo vessels. 


Each of these first nine ships will carry 26 ‘Buffalo’ Hull 
Vent Fans, including special swing-out ‘Buffalo’ Axial 
Flow Fans for machinery space supply and exhaust, and 
high-pressure ‘Buffalo’ Centrifugal Air Conditioning Fans. 


MARINE DEPARTMENT: 





(Accommodations for passengers, officers and crew will 
be air-conditioned). Other ‘Buffalo’ Fans include direct- 
connected Maritime Standard Centrifugals, as well as vee 
belt driven Maritime Centrifugals and Direct Connected 
Maritime Standard Propeller Fans. 


Whatever your needs in fans, pumps or machine tools 
aboard ship, you can rely on ‘Buffalo’ for the utmost in 
trouble-free efficiency. Write us about your requirements. 
We will be glad to help you in every way possible. 


711 Woodward Building @© WASHINGTON 5, D.C. 


BUFFALO FORGE COMPANY 


Buffalo, New York 


Canadian Blower & Forge Co., Ltd., Kitchener, Ont 


» Buffalo Machine Tools to drill, punch, shear, bend, slit, 





Buffalo air handling equipment to move, heat, y 4 Buffalo Centrifugal Pumps to handle most liquids 
cool, dehumidify and clean air and other gases. Cs i= and slurries under a variety of conditions. & notch and cope for production or plant maintenance. 
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INTRODUCTION 


i. THE PERIOD since the end of the Second World 
War considerable development in marine pumping 
auxiliaries has taken place. To deal comprehensively 
with all types of pumps currently in use would ex- 
ceed the space limitations of this paper, and, rather 
than touch only briefly on all types, the authors 
have selected services wherein important develop- 
ments have taken place, and they have dealt with 
these in more detail. 

The material selected has been classified under 
the following subject headings: 

Boiler feeding 

Condenser circulation 

Engine lubrication and cooling 

General water services 

Cargo pumping 

General topics, which are not included in the 
above, or, though mentioned, have not been fully 
dealt with under these headings, are grouped to- 

ether at the end of the paper. 


Little or no reference has been made to earlier 
practice, with which it is assumed that readers are 
familiar. 


BOILER FEEDING 

Of the pumps that run continuously during the 
operation of a marine steam propulsion plant, one 
of the most vital is the boiler feed pump. Its reli- 
ability must be beyond question, and for a long 
time almost all attention was concentrated on this 
aspect. 

During the last fifteen years there has been a de- 
mand for various other qualities—some of them 
conflicting—leading to a variety of designs for in- 
creased efficiency, reduced bulk, reduced floor 
space, and easy replacement. 

The range of turbofeed pump designs described 
is very wide, including horizontal machines, verti- 
cal machines, direct drive turbines, geared turbines, 
single-stage pumps, multistage pumps and various 
alternative hydraulic balance arrangements; and it 
may be worth while to consider the limitations 
which influence a feed pump design. 
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Basis of Design 

If the turbine has a single pressure stage, a high 
blade speed is necessary to give a good blade effi- 
ciency, and this can be obtained either with a small 
diameter wheel running at very high rotational 
speed, or with a large diameter wheel at a corre- 
spondingly lower rotational speed. Wheel stress is 
determined by peripheral speed, but blade stress 
depends also on the radius; a 10-inch diameter 
wheel at 15,000 rpm has the same peripheral speed 
as a 30-inch wheel at 5,000 rpm, but the blade stress 
is three times as high. If a two-row wheel can be 
run near its maximum blade efficiency there is no 
advantage to be gained by additional pressure 
stages having two-row wheels. Indeed, there is like- 
ly to be loss because of the increased windage due 
to a wheel with partial admission running in high 
pressure steam. To get any substantial improve- 
ment by multistaging it is necessary to go to single- 
row wheels and to use at least four or five stages. 
A multistage turbine is not so suitable as a single- 
stage turbine for quick starting from cold in 
emergency. 


A high speed pump, that is to say a pump run- 
ning at speeds above about 5,000 or 6,000 rpm, is 
usually less efficient than a pump running at lower 
speeds, and it requires a greater suction head, par- 
ticularly with large capacity pumps. Centrifugal 
pumps are subject, in respect of efficiency and of 
suction head, to detailed differences in design, but, 
other things being equal, a multistage pump at 
lower speed is more efficient than a single-stage 
pump at high speed; and the suction head required 
varies approximately in direct proportion to the 
speed. 

Also, although vertical feed pumps such as those 
illustrated are in successful operation, a horizontal 
feed pump is generally to be preferred from con- 
structional design considerations. 

Most of the pumps illustrated have automatic 
hydraulic balance. Others are partially balanced by 
opposed impellers with the residual thrust taken on 
thrust bearings. The hydraulic balance piston is a 
very powerful balancing device operating satisfac- 
torily on a great many boiler feed pumps through- 
out the world, and it is difficult to see any advan- 
tage in the adoption of opposed impellers which re- 
quire an external thrust bearing. The balance ob- 
tained by opposed impellers can be upset under 
cavitation conditions when some of the impellers 
are not completely full of water, and in such pumps 
the thrust bearing must be capable of taking a large 
portion of the unbalanced thrust of the machine. 


High Efficiency Turbofeed Pump 

Figures 1 and 2 show a modern high efficiency 
turbofeed pump, in which the pump is direct driv- 
en through a flexible coupling by a steam turbine. 
As compared with earlier designs, which usually 
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had a continuous common shaft for pump and tur- 
bine, the adoption of a flexible coupling makes the 
critical speeds of the pump and turbine shafts inde- 
pendent. This permits the turbine to have a large 
and efficient wheel on a stiff shaft, while the pump 
shaft is relatively small in diameter. In accordance 
with widely adopted practice for land power sta- 
tions, the pump—though not the turbine—runs 
through its first critical speed. The small shaft di- 
ameter allows a small impeller diameter with more 
stages and this gives a higher pump efficiency. 

These figures show sections of the pump and tur- 
bine ends respectively. The pump thrust is auto- 
matically balanced by the hydraulic balance piston, 
and the turbine thrust is taken on a thrust bearing. 
The pump end shown in Figure 1 is of the barrel 
casing type which is used for suction temperatures 
above about 250 deg F. For lower temperatures the 
ring section type pump is used. 
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Figure 2. High efficiency turbofeed pump: steam end. 
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The design gives a good pump efficiency, and a 
turbine efficiency which is good in relation to the 
power developed and the operating conditions. The 
pump speed is selected at about 5,000 rpm to give 
high efficiency with a comparatively stiff shaft and 
to operate with a moderate suction head. Having 
decided on pump speed, turbine blade speed de- 
pends on the diameter of wheel; and if a very large 
wheel is chosen, the windage losses, with partial 
admission, in a machine exhausting to a back pres- 
sure, may more than offset any further gain in blade 
efficiency. This can also apply to pressure com- 
pounding. Figure 3 shows performance curves for a 
machine of this type. 

One way of increasing the efficiency is to fit gear- 
ing between the pump and turbine so that a small 
diameter, high speed turbine can be run at about 
11,000 or 12,000 rpm. 


10,000 1,000 5+ + RS Sam : (/00 










Ss Discharge pressure 
_ 
J 
¢ 8000+ 800 &- 80 
a PY 5 
* S - 
$ 6,000 {S903 -60 & 
2 4 5 
> 2 e 
5 > $ 
§ 4,000 +400.3- 400-408 
& 2 4 
=] Ss) & 
2 5 
% 2,000+200 200+204% 
fe) (@) + + - + + 
fe) /00,000 200,000 300,000 
50,000 150,000 250,000 350,000 


Pump output, p.p.h. 
Figure 3. Performance curves for high efficiency turbofeed 
pump. 
Steam: 600lb./sq. in. gauge; 850 deg. F. 
Exhaust: 15lb./sq. in. gauge 
Suction: 45lb./sq in. gauge; 250 deg. F. 


Electrically Driven Boiler Feed Pumps 

Another way of increasing the overall efficiency 
is to drive the pump by an electric motor. The pump 
end is similar to the high efficiency turbofeed 
pump, but for a-c supply it would run at about 3,600 
rpm and would have more stages. The efficiency of 
the pump end is about the same as the turbofeed 
pump, but the larger multistage turbine of the tur- 
bogenerator will usually have a higher efficiency 
than the single-stage turbine or a turbofeed pump, 
even after allowing for losses in gearing, alternator 
and motor. Electrofeeders are almost universally 
used in land power stations except for extremely 
large sets; but when they are installed in ships the 
problems of starting currents must be kept in mind. 
When direct current is used, starting is simpler, but 
high speed motors cannot be obtained except for 
low powers and it is usually necessary to introduce 
gearing between the pump and motor. Figure 4 
shows performance curves for an electrofeeder for 
comparison with Figure 3, which applies to a tur- 
bofeed pump operating under the same conditions. 
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Figure 4. Performance curves for electrofeeder. 
Suction: 45lb./sq. in. gauge; 250 deg. F. 


Other Types of Feed Pump Drive 

The problem of starting currents and the losses 
of alternator and motor can be avoided by driving 
the pump direct from a gear shaft of the alternator. 
This is probably the most efficient way of driving a 
feed pump—unless it is driven from the main en- 
gine—although it is not quite so flexible as an inde- 
pendent drive. Internal clearances must be large 
enough to allow the pump to run dry for a few 
minutes, in case at any time it should lose suction, 
and this reduces the efficiency. If a suitable clutch 
can be developed this drive will be very attractive. 

Another method—largely a combination of these 
two methods—is to connect the electrofeeder motor 
electrically to the alternator before the alternator 
is started, and bring the two up to speed together. 
There would of course be a switch but it would be 
used only for breaking the circuit in emergency, as 
for instance on loss of pump suction. 

This method has been used for a long time as a 
works practice in the testing of large electrofeeders. 
The electrical losses must be taken into account but 
these become less serious in large machines where 
the problem of starting an electrofeeder in the or- 
dinary way would be particularly formidable. 


Turbofeed Pump with Water Lubricated Bearings 
All the feed pumps so far described concentrate 
primarily on efficiency. If one is prepared to sacri- 
fice a little in this respect, the very compact design 
illustrated in Figure 5 is very attractive. 

This pump has water lubricated bearings making 
use of new materials which are now available, thus 
eliminating turbine and pump glands and enabling 
a short stiff shaft to be used with overhung turbine 
wheel and overhung pump impeller. A speed of 
about 10,000 rpm enables a high turbine efficiency 
to be obtained with a relatively small wheel. The 
pump is provided with a diffuser to give high effi- 
ciency and to minimize side thrust. The overall 
efficiency of the machine is only a little lower than 
that of the much larger pumps described above. 
Because of its high speed the pump requires a 
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Figure 5. Turbofeed pump with water lubricated bearings. 


greater suction head from a high level deaerator. 
There is also no difficulty with low level deaerator 
installations as these have a deaerator extraction 
pump. This design of pump has been tested ex- 
tensively and will soon be running in a number of 
ships. 


Comparative Particulars of Turbofeed Pumps 

Table I gives an approximate comparison of these 
various types of turbofeed pump, including the 
well known standard design, which is not described 
in this paper, in relation to the high efficiency tur- 
bofeed pump which is taken as the basis of com- 
parison. 














TABLE I 
7 : a | Relative percentage 3 
Turbofeed pump | Steam | 
type number consumption Weight 

High efficiency | 1,2 10 | 100 
Geared |Notillustrated| 93 | 100 
Water lubricated 5 120 25 
Standard multistage | Not illustrated | 140 40 


Recent Naval Practice 

During the past fifteen years or so, the British 
Admiralty have installed turbofeed pumps of wide- 
ly varying types. The first major departure from 
previously accepted practice is in the Daring Class 
Destroyers where a pump end of conventional de- 
sign is driven by a turbine having two, two-row 
wheels. This reduces the turbine diameter, but it is 
not possible by this means to get a turbine efficien- 
cy greater than can be obtained with a single large 
diameter two-row wheel; and the windage losses 
are increased. 
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Figure 6. Turbofeed pump for Whitby Class frigates. 


The feed pump in the Whitby Class Frigates, Fig- 
ure 6, is a much greater step from tradition. A sin- 
gle two-row overhung wheel drives, through a flex- 
ible coupling, a two-stage pump having three im- 
pellers arranged to give hydraulic balance without 
the need of a hydraulic balance piston. A very 
small thrust bearing was fitted to take up any re- 
sidual thrust; but although this worked quite well 
on steady running, it was soon found that inade- 
quate suction could cause unequal flow to the two- 
first-stage impellers, causing one to cavitate before 
the other, and giving a heavy end thrust. It was 
necessary to increase considerably the size of the 
thrust bearings to overcome this difficulty. 

Blackwood Class Frigates have a feed pump still 
further from tradition, Figure 7. This is a vertical 
machine in which a four-stage feed pump with op- 
posed impellers is mounted on top of a gearcase. 
The turbine, which is mounted on the side of the 
gearcase, has a 10-inch diameter wheel running at 
16,000 rpm. The four-stage pump has the first two 
impellers facing downwards and the second two im- 
pellers facing upwards, so that the pump is in hy- 
draulic balance. The pump thrust bearing is suffi- 
ciently large to take the unbalanced thrust of two 
impellers, a condition which arises if the pump is 
deprived of suction. This occurs when the pump 
trip speed is being tested. 

The prototype YEAD I machinery installation 
included a vertical turbofeed pump with the tur- 
bine and gear case on top and the pump below. This 
gives a neater design, but the baseplate—construct- 
ed to withstand shock—almost entirely encloses the 
pump end of the machine, and access is difficult. 
This design was based on the understanding that 
the pump need never be repaired on board ship, 
but would be replaced by a spare pump. 

Later Admiralty designs have reverted in some 
respects to traditional practice, while taking advan- 
tage of much that has been learned from the de- 
signs which have been described. Recent feed 
pumps are horizontal. They occupy a little more 
floor space than vertical machines but are much 
easier of access, as well as being simpler in regard 
to the arrangements for oil drainage from bearings. 
A horizontal machine has the great advantage that 
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Figure 7. Vertical turbofeed pump for Blackwood Class 
frigates. 





the base forms a convenient oil sump, and that oil 
from the bearings drains naturally to it. These later 
pumps have reverted to hydraulic balance piston 
instead of opposed impellers. 
Mechanical Seals 

The Admiralty are at present leading the way in 
this country in the adoption of mechanical seals for 
boiler feed pumps. Most of their latest pumps have 


stuffing boxes which incorporate these seals and 
which also have provision to take a gland and two 
rings of soft packing if the mechanical seal should 
fail. In the course of time it may be found that this 
precaution is not necessary; but until more experi- 
ence has been gained it is wise to keep in mind 
that failure of a mechanical seal can be more diffi- 
cult to deal with in emergency than failure of soft 
packings. 


Design of the Feed Pump in Relation to the Feed 
System 

In considering the efficiency of boiler feed pumps 
it is worth while remembering that power may be 
wasted in boiler feeding, even with a very efficient 
pump. All centrifugal pumps have a peak efficiency 
and it is desirable to operate normally near this 
point. If the maximum output is greatly in excess 
of the normal output the pump will normally work 
much below its best efficiency. The maximum out- 
put can be arranged beyond the best efficiency 
point of the pump, but pressure falls steeply in this 
region. The pump must therefore run faster at over- 
load than at normal load and, with a turbine drive, 
this may probably entail loss of turbine efficiency 
at normal load. If there is a big difference between 
normal and maximum feed requirements, it is prob- 
ably best to select the pump for normal load, plus 
a margin of say 20 per cent to cover fluctuations in 
the feeding rate, and to use two pumps for over- 
load. The second pump could easily be started by 
remote control from the maneuvering platform or 
from the boiler room. There would probably be a 
total of three pumps, one running, one ready for 
starting in parallel by remote control, and one 
standby for emergency. 

There are many cases where an arrangement of 
this kind could give greater savings than are like- 
ly to be obtained by any further improvements in 
the efficiency of the boiler feed pump or its driver. 
In Figure 8 steam consumption is shown for a 
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Figure 8. Saving in steam with smaller pump. 
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pump capable of normal load—taken at about 70 
per cent of maximum load—and for a pump which 
is capable of the maximum load. If the smaller 
pump is selected, two will be required at full load 
and will take more steam under this condition. Co- 
operation of the owners is required, because the 
pump maker will not be happy about installing a 
pump incapable of feeding the boilers at their max- 
imum evaporation, unless he is assured by the 
owners that a second pump will be started imme- 
diately it is required. 

In many vessels, where there is a wide difference 
between maximum evaporation and normal evap- 
oration, maximum steam may be required at short 
notice for full astern power. 

All of the additional auxiliaries required for ma- 
neuvering can easily be started, and all necessary 
bypass valves, etc., can be opened by an arrange- 
ment such as that shown in Figure 9. Water under 
pressure from the main feed line is taken through 
a restriction orifice to a piston which holds the 
steam valve of the standby feed pump closed. This 
pressure also holds in the closed position a bypass 
valve on each of the feed pumps and a recirculating 
valve from the feed line on the outlet side of the 
air ejector leading back to the condenser. It also 
holds in the open position the starting switch on 
the standby condenser extraction pump. If the re- 
mote control valve shown in the diagram is opened, 
this releases pressure from the steam valve, bypass 
valve, recirculating valve and pressure switch, thus 
starting the standby extraction pump and standby 
feed pump and opening the feed pump bypass 
valves and the condenser recirculating valve. The 
remote control valve and all of the control piping 
would probably be 42-inch bore and the valve could 
be opened in a few seconds whenever any signal is 
received for maneuvering. The remote control valve 
could be arranged at the control platform. If de- 
sired, an additional valve could be located in the 
boiler room and opening either of these valves 
would start the standby pumps and open the by- 
pass connections. 

Another point on which very useful co-operation 
can be given by owners and builders is the fixing 
of feed pump discharge pressure. The old method 
of adding 100 or 150 psi to the nominal boiler pres- 
sure is no use for modern high pressure systems 
which have much larger blow-off margins and 
much larger pressure drops through economizers 
and superheaters. This is particularly important 
with motor driven pumps whose pressure cannot 
be adjusted by speed variation. If the pump maker 
is left to guess the required discharge pressure, he 
must play safe to avoid the danger of supplying a 
pump which cannot put water into the boiler; and 
the excess pressure must be dissipated across the 
feed regulating valve, which is equivalent to a sub- 
stantial reduction in feed pump efficiency. The 
energy is not lost—it reappears as heat in the feed 
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Figure 9. Diagram of remote starting for standby auxil- 
iaries in feed system. 


water—but the same heating can be done more 





efficiently by low pressure steam. 


CONDENSER CIRCULATION 

The largest of the pumps directly associated with 
steam propulsion is the condenser circulating 
pump, which, in merchant vessels, is usually a 
straightforward centrifugal pump. Curves showing 
the performance obtainable from a pump of this 
type are shown in Figure 10. The performance ap- 
plies to one particular size pump, but an indication 
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Figure 10. Performance of 20-in. centrifugal condenser 
circulating water pump. 
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of the change in efficiency to be expected with 
change in size of pump is given in the inset to the 
graph. Axial flow pumps may, however, also be 
used, generally in conjunction with scoops which 
operate under cruising conditions, with the pump 
idling and offering little resistance compared with 
that which would be experienced with a centrifu- 
gal pump. Since the trailing losses under scoop 
operation must be taken into consideration in the 
pump design the pumping efficiency suffers. Per- 
formance curves for a typical unit are given in Fig- 
ure 11. 

With either type of unit the pump design is 
straightforward and does not in itself call for com- 
ment; it may be driven by a.c. motor, d.c. motor or 
steam turbine. 
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Figure 11. Performance of 40-in./36-in. axial flow con- 
denser circulating water pump. 


Speed: 640 rpm. 


Prevention of Condensate Undercooling 

A condenser and its circulating pumps must be 
designed to cope with maximum load and with the 
highest sea water temperature likely to be encoun- 
tered. Because of this the condenser is oversur- 
faced when operating at low load or in cold waters, 
and the flow of circulating water is excessive. This 
causes the vacuum to rise. This is not, in itself, ob- 
jectionable; but, since the vacuum which can be 
raised is limited by the air ejector, the result is 
undercooling of the condensate, as discussed in 
more detail later. This increases the oxygen con- 
tent of the condensate as well as causing a thermal 
loss and increasing the wetness of the steam in the 
last stages of the turbine. 


Variation of Circulating Water Flow Rate 

The conventional approach to this problem of 
undercooling is to vary the circulating pump by 
some means, and a brief comparison of the relative 
merits, from pumping considerations, of the exist- 


ing methods of obtaining output variation is there- 
fore introduced at this stage, with reference to an 
all-frictional system resistance characteristic of the 
type applicable to condenser circulating duties, 
where resistance varies approximately as the 
square of the quantity. 

When speed variation is possible, as in the case 
of d-c motor or turbine drive, this presents a simple 
and efficient means of obtaining variable flow rates. 
The pump can be selected to operate at maximum 
efficiency under normal conditions and, by altering 
the speed, any other flow rate can be obtained, still 
maintaining operation at or near maximum effi- 
ciency. This results in minimum wear and tear on 
the pump and minimum horse power requirements. 

Conditions of operation are readily appreciated 
by reference to the graph shown in Figure 12, 
which, in common with subsequent graphs in this 
section, relates changes in the pump variable to the 
values obtained at the best efficiency point. (Where 
applicable in these graphs the effect on operating 
conditions is traced out for reduced flow rates of 
80 per cent and 60 per cent of the normal duty 
value. The effect of reduction to still lower values 
can also be easily estimated.) 

With increased use of a-c supply the facility of 
speed variation is not so simply obtained and in- 
volves a costly power unit. Consequently recourse 
to one of the following methods applicable to the 
pump is usually made, with either a single fixed 
speed or a two-speed motor. 
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Figure 12. Reduced flow rate by speed variation. 
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a) Throttling of the pump discharge. This in effect in- 
creases the system resistance and the operating point can 
be adjusted to give any required throughflow, at the ex- 
pense of loss in efficiency through additional energy dissi- 
pation in the pump, as well as in the restriction, as indi- 
cated in Figure 13. 


b) Single-speed pump with simple bypass from the pump 
discharge back to the suction. This method is to be pre- 
ferred to throttling where considerable reduction in flow is 
required since the pump is not subjected to undue wear 
and tear. A recent development based on the bypass prin- 
ciple is discussed more fully later in this section. 


c) Two small pumps arranged for single or parallel op- 
eration. This is very limited in scope, and results in opera- 
tion well removed from the design point at the reduced flow 
condition, unless throttling of the single pump is also em- 
ployed. 
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Figure 13. Reduced flow rate by throttling pump discharge. 


Of the above alternatives to speed variation, 
throttling is probably the most frequently used, 
either by itself or in conjunction with duplicate 
pumps; and, for a moderate range of flow varia- 
tion, good performance can be obtained if due con- 
sideration is given to suitability of pump charac- 
teristics—wide range of useful efficiencies, satis- 
factory slope of head/quantity curve and location 
of best efficiency point with respect to the duties. 
In addition of course the greater the number of 
operating speeds available, the nearer will it be 
possible for the operator to select a combination of 
pump setting and speed to meet requirements and 
keep the pump functioning at or near optimum effi- 
ciency. As regards the actual power consumed at 
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reduced flow rates, this is also governed by the 
horse power characteristic of the pump (falling 
towards zero flow for a centrifugal, rising for an 
axial flow) and may affect the choice of whether 
to throttle or bypass or use a combination of both. 

When the axial type of pump is used there is the 
additional possibility of obtaining variable output 
by alteration of the impeller blade angle. The gen- 
eral effect is shown in Figure 14, from which it will 
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Figure 14, Reduced flew rate by variation of axial flow 
pump impeller blade angle. 


be seen that there is a tendency to move well away 
from the best efficiency point, even at moderately 
reduced flows; and while this can be corrected by 
throttling, the bhp characteristic of the pump de- 
tracts from the benefit of this practice. It is of 
course a matter of preselection of blade setting, 
maximum efficiency and their disposition with re- 
spect to normal and reduced operating conditions, 
to obtain the best overall results for any particular 
application. Since, to obtain the adjustable blade 
feature, a certain amount of mechanism must be 
housed in the impeller hub and means for control- 
ling it from outside provided, it is generally con- 
sidered worth while only in the larger sizes of 
pump and where the conditions of operation are 
such that considerable benefit would result. 


ENGINE LUBRICATION AND COOLING 
Lubricating Oil Pumps—Tank Type Pumps 
There has been a move in the last few years, 
initiated by the British Admiralty, to adopt cen- 
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trifugal lubricating oil pump units of the vertical 
type, with the pump suspended in the oil tank, im- 
mersed in the oil, in preference to positive displace- 
ment type pumps located above the tank. 


The upper limit of capacity of these centrifugal 
tank type pumps is well above present marine re- 
quirements, but below 200 to 250 gpm efficiency 
considerations have resulted in a tendency to retain 
the normal floor mounted positive rotary pump. The 
fact that small positive displacement pumps have a 
higher efficiency than the corresponding centrifugal 
type, has however led, more recently, to the exten- 
sion of the tank type design to positive displace- 
ment pumps for small capacity lubricating oil 
duties, and others where circumstances favor the 
positive design. These pumps share many of the 
advantages (enumerated later) of the centrifugal 
tank type and, in addition, benefit over their floor 
mounted counterparts in that noise due to air en- 
trainment and cavitation is less prevalent since the 
rotors operate below the oil level. Advantage of 
this fact is normally taken to use higher operating 
speeds. The performance of the single-stage and 
two-stage centrifugal tank type, and the gear tank 
type pumps may be assessed from Figures 15 and 
16 respectively. 


A typical section of a single-stage centrifugal tank 
type pump designed for lubricating oil duty is 
shown in Figure 17. The twin-volute discharge ar- 
rangement reduces side thrust to a satisfactory 
level, and the special suction inlet, giving controlled 
inflow to the impeller, together with small dis- 
charge to suction injection holes suitably located 
with respect to the impeller eye, safeguard the 
pump against air locking when handling heavily 
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Figure 15. Performance of 12-in. single-stage/10-in. two- 
stage centrifugal tank type lubricating oil pumps. 
Speed: 1,760 rpm. Hot oil 
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Figure 17. Single-stage centrifugal tank type lubricating 
oil pump. 








A.S.N.E. Journal, November 1960 707 








PUMP AUXILIARIES 


TRANS. OF LMLE. 





aerated oil. The shaft stuffing box has little to do, 
since there is no pressure difference across it, but 
it serves two purposes; firstly it prevents the escape 
of oil vapor into the bilges and secondly it prevents 
moisture gaining access to the oil in the tank. 

From space considerations the tank type design 
is attractive in that there are no suction pipes, 
valves, strainers and so forth to congest the under 
floor space, but on the other hand some part of the 
drain tank must project clear of the engine to ac- 
commodate the pump, and there must be head room 
for withdrawing the unit for examination and over- 
haul. At the same time the pump should be located 
as near to the fore and aft center line of the drain 
tanks as possible, to avoid the risk of the suction 
orifice of the pump losing oil in a seaway. 

Compared with positive displacement type pumps 
the tank type centrifugal design has several advan- 
tages. It can be driven directly by a high speed al- 
ternating current motor without capacity restric- 
tions, whereas the permissible operating speed of 
the positive displacement type, pumping an incom- 
pressible fluid, decreases as the capacity rises; it is 
silent in operation (as mentioned above, even the 
positive gear design of tank type pump benefits in 
this respect over conventional positive displacement 
units) ; it is better suited to deal with entrained air, 
since the air is not expanded under a vacuum such 
as that obtaining in the suction chamber of a nor- 
mally sited pump; it is relatively insensitive to acci- 
dental inclusions in the oil which might wreck a 
positive displacement unit; and it is particularly 
suited, as a result of its centrifugal head/quantity 
characteristic, to lubricating oil duties, in that as the 
temperature rises, and the oil viscosity and there- 
fore the system resistance falls, the centrifugal pump 
delivers an increased amount of oil—which in prac- 
tice is what the engine requires—while the positive 
pump output varies little if at all. The latter point 
is readily appreciated by reference to Figure 18, in 
which for simplicity the effect of change in viscosity 
of the oil on the pump characteristics has been 
omitted, although this would again favor the cen- 
trifugal and enhance the comparison still further. 

It is also worthy of note that the tank type pump 
is always primed and in the event of momentary 
uncovering of the suction, the loss of pressure is 
restored immediately the suction is again covered. 
A positive displacement pump at floor level will re- 
prime, but this taken an appreciable time since its 
air capacity is small and there is a considerable 
volume of suction pipe; while with floor mounted 
centrifugal pumps, which are sometimes preferred 
to positive displacement units in the larger sizes, 
elaborate self-priming arrangements are needed and 
also some means of avoiding impeller air locking. 


Lubricating Oil Discharge Systems 
The pressure required at the lubricating oil pump 
to circulate oil through the lubrication system of 
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Figure 18. Comparison of centrifugal and positive dis- 
placement pump characteristics with respect to lubricating 
oil duties. 


either steam or Diesel machinery depends on the 
quantity of oil to be circulated and on the frictional 
resistance of the system. The latter includes filters, 
coolers, control valves, pipes, pistons (and the sup- 
ply and return connections) when oil cooled, bear- 
ings, sprayers and so on, and it is not surprising, 
therefore, that, despite the greater attention now 
being given to the hydraulic design of piping sys- 
tems and the fuller friction data available, the pres- 
sure which is registered at the pump gauge, and 
which is a property of the system, not of the pump, 
is seldom precisely the figure specified by the ship- 
builder when ordering the pump. 

Although this anomaly is by no means a recent 
development and is becoming more widely appre- 
ciated and steps taken to reduce the disparity, re- 
cent alternative developments in lubricating oil sys- 
tems still lead, on occasion, to pressure gauge read- 
ings being regarded as a measure of pump perform- 
ance instead of a measure of system resistance. 

The provision of a header tank on a branch from 
the main oil circuit, whereby a few minutes’ supply 
of oil is available (sufficient to allow time to con- 
nect the standby pump on to the line in the event 
of failure of the running pump), may cause unnec- 
essary worries if care is not exercised in the posi- 
tioning of the header tank and the assessment of 
the system resistance. For example, with the header 
tank connection immediately before the main en- 
gines, the actual resistance of the system when in 
operation, at the correct rate of flow, may be in- 
sufficient to raise the oil to the overflow level of the 
header tank, resulting in the emergency alarm ring- 
ing even although the machinery is being provided 
with the specified amount of oil. On the other hand, 
with the header tank connected to the pump dis- 
charge, and the coolers and filters positioned be- 
tween this point and the engine, a choked filter may 
cause starvation of oil to the machinery with ample 
overflow from the header tank and no emergency 
alarm. The effect of the system resistance would in 
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the first case cause a low pump discharge gauge 
reading, in the second a high reading. 

When the header tank is fitted in the main oil 
circuit and handles the full flow quantity, the pump 
discharges (usually through the coolers and filters) 
to the tank at a given flow rate and the tank in turn 
supplies the main engines. The pump, in this case 
therefore, is only concerned with the supply of the 
specified flow rate to the tank, and the actual oper- 
ating level in the tank at this rate, and the supply 
of oil to the engine, is governed by the height of the 
header tank in relation to the resistance to the pas- 
sage of oil afforded by the engine. 


Diesel Engine Forced Lubrication and Cooling 
Plant 

In recent years there has been a steady tendency 
to increase the horse power obtainable from a given 
size and weight of main Diesel engine, involving a 
corresponding increase in the amount of heat to be 
removed from jackets, piston interiors and from the 
various bearings. There has also been an increased 
tendency to use oil instead of water for piston cool- 
ing, partly to avoid corrosion troubles and partly 
to overcome the difficulty of avoiding contamination 
of the oil in the crankcase due to leakage. 

To deal with this additional heat, considerable 
increases in the amount of cooling oil to be circu- 
lated have become necessary without, in general, 
any corresponding increases in cooling oil passage 
areas, pipe or drain tank sizes. 

One result is that the liquid in circulation spends 
less and less time in the drain tank. This is particu- 
larly serious in the case of oil since it inevitably 
becomes charged with air in the course of its jour- 
ney through the engine to the drain tank, where 
the much reduced time available makes it impos- 
sible for the smaller air bubbles to reach the free 
surface, and the equilibrium proportion of air to oil 
becomes high. It must also be kept in mind that the 
oil can only return to the drain tank by gravity and 
height is severely limited by the need to place the 
main engine low in the ship. Careful attention must 
therefore be given to the design of the drain tank 
interior—baffling, passages in the frame and girder 
plates, relative location of crankcase drain and 
pump suctions, etc.—since what was satisfactory 
say ten years ago may be inadequate for the more 
demanding conditions today. Scale model tests, 
whereby different designs may be compared and an 
indication of conditions likely to be experienced in 
practice obtained, can be of great assistance in this 
respect. The use of anti-frothing additives in the oil 
may also prove of considerable benefit. 

Another result is that the size of the oil pumps 
is steadily increasing, and, in the case of positive 
displacement type oil pumps, is tending to yield 
large and clumsy units which are awkward to over- 
haul, thus encouraging the use of centrifugal 
pumps. 


Jacket and Piston Cooling Fresh Water Pumps 

Tank type centrifugal pumps are being given 
consideration by some shipowners for this duty in 
preference to the ordinary type of self-priming cen- 
trifugal pump, the advantages of simplicity, lack of 
need for priming fittings and reduction of piping, 
etc., being already described under “Lubricating 
Oil Pumps.” 


Geared Turbine Forced Lubrication and Sprayer 
Pumps 

As in the case of oil engines, advances, in this 
instance in turbine and gearing design, have led to 
increases in power output of geared turbine pro- 
pulsion sets for a given size of machine and hence 
to an increase in the amount of lubrication and 
sprayer oil required. Reduction gearing causes 
heavy aeration of the oil and consequently careful 
design of the drain tank is again of paramount im- 
portance. 


GENERAL WATER SERVICES 


For general service duties such as ballast, fire, 
bilge, etc., there have been no outstanding devel- 
opments in pump design of recent years, the ma- 
jority of ships employing the compact vertical 
spindle centrifugal pump unit with electric driving 
motor mounted directly on top. This type occupies 
little floor space and is usually designed so that the 
front cover and rotating element of the pump may 
be removed without disturbing pipe joints or motor 
alignment. 

A typical modern vertical centrifugual pump 
suitable for duties which do not require a self-prim- 
ing ability is shown in section in Figure 19, while 
performance curves applicable to this design are 
given in Figure 20. The pump shown is a single- 
stage unit with single-entry impeller and serves to 
illustrate the now automatically accepted features 
of renewable impeller clearance rings in way of im- 
peller bearing strips, stuffing box suitable for con- 
ventional packing, with or without grease or water 
service and with shaft sleeved in way of packing, or 
alternatively convertible to use of mechanical seals. 


Self-priming Arrangements 

Where the duty necessitates the pump operating 
with a suction lift, and a foot valve on the suction 
line is inadequate, some means of self-priming must 
also be provided. 

The location of the air pump with respect to the 
water pump and driving motor may of course be 
varied, and different manufacturers have their 
standard arrangements, or a separate air pump may 
be used in a centralized exhausting system. The 
choice for any particular application will depend 
on the nature of the duty or duties involved and 
on the importance of accessibility, ease of main- 
tenance, etc. 
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Figure 19. Single-stage centrifugal non-self-priming unit. 


Separate Pumps for Incompatible Duties 

While on the subject of bilge duties it seems ap- 
propriate to broach the question of multiple duty 
pumps. 

At any particular speed a centrifugal pump can 
only operate at maximum efficiency at one point, 
the duty point for which it is designed (commonly 
referred to as the normal duty or best efficiency 
point on the pump characteristics). As the operat- 
ing conditions move away from this point, condi- 
tions in the pump become more turbulent and more 
horse power is used “inefficiently” in creating tur- 
bulence and, in effect, tending to destroy the casing 
and impeller by cavitation and scour erosion. From 
the point of view of wear and tear on the pump it 
is therefore bad policy to install a pump to function 
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Figure 20. Performance of 5-in. centrifugal general water 
service pump. 


Speed: 1,600 rpm. 


on more than one duty, particularly with the ad- 
vent of fixed speed a-c motor drive in place of the 
more versatile variable speed d-c motors. 

One of the most common examples of use of a 
pump for double duties is fire and bilge, where the 
nature of the separate duties necessitates operation 
at opposite ends of the pump range. It will readily 
be seen from Figure 21 that for both duties the 
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Figure 21. Relative operating points on pump character- 
istic for typical fire and bilge duties. 








TR 


pur 
con 
fair 
this 
ed 
sta! 
ply 
pul 
tiv 
sel. 
dic 
air 
ere 
on! 


—- A 


a ae ee ee ee ee), ee es, a oe | 


wy, saws 


PI eer ee 


ater 


ad- 
the 


fa 
the 
ion 
ily 
the 


er- 





TRANS. OF I.M.LE. 





PUMP AUXILIARIES 





pump is running under inefficient and unfavorable 
conditions. When fire pressure requirements were 
fairly low and d-c variable speed motors were used, 
this set of conditions could usually be accommodat- 
ed by employing a liberal speed range, but con- 
stantly rising fire pressures and the use of a-c sup- 
ply have resulted in conditions where separate 
pumps for each duty present an attractive alterna- 
tive. With this arrangement a small high speed non- 
self-priming type pump, giving a performance as in- 
dicated in Figure 22, could be used for the fire duty 
and a larger, slower speed, self-priming pump with 
air pump for the bilge duty, resulting in a consid- 
erable saving in the running costs of the pumps, not 
only in bhp consumed but also in maintenance. 
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Figure 22. Performance of 5-in. high speed mid-mounted 
centrifugal fire pump. 
Speed: 3,500 rpm 


Oil Separation from Bilge Water 

Since legislation has come into force with regard 
to the discharge, in navigable waters, of water con- 
taminated with oil, it has entailed the fitting of oily 
water separators to clean the bilge water of oil be- 
fore pumping overboard. 

When the separators are only capable of dealing 
with between say 30 and 50 tons per hour at a max- 
imum pressure of 15 psi, the pump manufacturer is 
frequently requested to state the speed and pres- 
sure at which say a 200 tons per hr bilge or ballast 
pump should operate to supply the separator. If the 
shape of a centrifugal pump head/quantity charac- 
teristic is considered, as shown for instance in Fig- 
ure 12, the practical difficulties in attempting to ob- 
tain the greatly reduced flow in this way are easily 
appreciated. One method of achieving the required 
conditions would be to install an orifice meter and 
pressure gauge in the discharge line to the separa- 


tor and throttle the pump to give the desired out- 
put. 

The use of a large pump under throttled condi- 
tions seems inherently wrong, however, for such a 
duty, since conditions inside the pump promote 
thorough churning and mixing of the medium be- 
ing pumped and a smaller pump of correct capacity 
to match the separator, or a suitably designed water 
operated ejector, should prove more satisfactory. 


CARGO PUMPING 

Cargo Oil Pumps 

Although rotary vane type pumps are still em- 
ployed for tank stripping duties, despite their size 
and weight, and steam reciprocating units also con- 
tinue to be used for such duties and for cargo 
pumping in refined product carriers, where only 
moderate pumping rates are involved, the centrifu- 
gal pump with its inherent advantages of saving in 
space and weight, ease of maintenance and continu- 
ous shock-free delivery, is now well established as 
the most suitable type of cargo pump where large 
pumping rates are involved. 


Special Requirements 

Cargo pumping, entailing the handling of water, 
petrol or oils, of viscosity up to 4,000-sec. Redwood 
No. I, places many special requirements on the 
pump design and fittings. 

Since the pump has to be capable of handling low 
boiling point liquids, impeller inlet areas must be 
as generous as possible; the impeller inlet and the 
pump itself must be situated as low as possible rela- 
tive to the cargo tank bottom; and suitable vent 
connections should be supplied connecting the 
pump to the stripping unit, in order to prevent 
vapor collecting at the impeller eye, and also to per- 
mit priming of the main cargo pump if required. 
Absolute oil tightness at the pump glands is of 
course particularly desirable for this type of pump. 

Restriction of flow to the pump suction by 
strengthening frames, etc., near the bottom of a car- 
go tank, results in air/vapor entrainment which, if 
severe, causes the pump to lock or lose suction. 
From safety considerations, the pump must not be 
permitted to run without a throughflow for any 
length of time, since rapid overheating of the liquid 
in the casing would take place, but, in addition to 
an automatic safety device, such as the overspeed 
trip on turbine driven pumps, it is normal in first 
class pumps to cover for a limited period of dry 
running by providing liberal clearances in the pump 
with adjacent surfaces whitemetal lined. 

Quantity adjustment is afforded by a screw-down 
sluice valve on the pump discharge. In addition a 
non-return valve is provided to prevent reverse 
flow through the pump when stopped or slowed 
down, and a rapid action relief valve with bypass 
back to the suction is fitted to protect shore lines 
against excessive pressure. 
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Typical Pump Designs 

A typical horizontal turbine driven centrifugal 
pump designed to meet these requirements is shown 
in Figure 23. Drive between the prime mover and 
pump is transmitted through an intermediate shaft, 
passing through a special bulkhead fitting which 
contains a bearing and two stuffing boxes and pro- 
vides an oil seal between the engine room and ad- 
jacent pump room to prevent gas leakage. The 
pump coupling is of the solid type to avoid sliding 
friction in the pump room, flexibility being provid- 
ed by the driving unit coupling, which is of the in- 
ternal gear pattern. More recent developments of 
this bulkhead fitting are aimed at effective sealing 
with improved tolerance of relative movement be- 
tween the prime mover and cargo pump. One such 
arrangement utilizes a special swivelling bulkhead 
fitting, containing a bearing and with a grease 
and/or oil seal between the fittings and an inter- 
mediate “floating” shaft. A later design uses a 
flexible metal bellows between the bulkhead and 
the stationary bearing bracket of the pump. The 
seal on the rotating shaft is then formed by the 
pump bearing itself, lubricated and made gas tight 
by a grease supply or supplemented by a seal. With 
this latter design the shaft bearing, and seal if 
fitted, are always in alignment and relative motion 
is taken up by the bellows and the intermediate 
“floating” shaft, which is in this case wholly on the 
engine room side of the bulkhead. 

The pump is a two-stage design, the first-stage 
impeller being of the double-entry type, and is 
fitted in this instance with ball and roller bearings, 
although the journal loads may equally well be 
taken by whitemetal lined bearings, these being 
particularly suitable with the type of bulkhead seal 
mentioned latterly. 

The stuffing boxes are fitted either with header 
turns retaining a petrol resistant grease or plastic 
packing medium, or are fitted with mechanical 
seals. The split casing design follows the now nor- 
mally accepted practice of providing rapid access 
to the rotating element without disturbing pipe con- 
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Figure 23. Two-stage turbine driven centrifugal cargo oil 


nections. The two-stage design of pump in general 
gives a somewhat better effiiciency, even on water, 
and the fall in performance when pumping high 
viscosity oils is much less than with the single-stage 
unit, particularly in the small sizes. Suction per- 
formance is also better, due in part to the reduced 
speed at which the two-stage unit operates. 

The demand for still larger crude oil tankers at- 
tendant on the post-war policy of building refiner- 
ies near to the areas of consumption rather than the 
source of oil has resulted in the need for highes 
pumping rates. It is of interest to note in this con- 
nection that as capacity increases, for a given dis- 
charge pressure, the advantages in efficiency and 
suction performance of the two stage pump become 
less marked, and an increasingly good case can be 
made for the use of single-stage pumps of simple 
and compact design. The variation in efficiency with 
size is indicated in the inset to Figure 24, which 
shows the performance of typical large single-stage 
and two-stage cargo oil pumps. 

The choice between horizontal or vertical units 
is to a large extent dependent on the particular ship 
arrangement, but the fact that from suction con- 
siderations the pump must be located as low as pos- 
sible relative to the cargo tank bottom somewhat 
favors the vertical design, to avoid a driving unit in 
the bilges. Misalignment of pump and driving unit 
is inevitable between ship loaded and ship light 
conditions. With horizontal pumps this necessitates 
intermediate shafting with stuffing box or seal as 
described. Vertical pumps on the other hand allow 
good turbine location, in an alcove extended from 
the engine room into otherwise unused space in the 
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two-stage centrifugal cargo oil pumps. 
Speed: 1,250 rpm. Sea water. 
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pump room, and permit the use of a simple oil bath 
seal at the bulkhead. They do however require the 
use of a “floating” shaft in the pump room. Assum- 
ing a split casing design in both cases, opening up 
for inspection is equally facile, but removal of the 
rotating element requires additional floor space to 
be available for vertical units. Unsplit casings, 
which can be dismantled vertically after discon- 
necting the intermediate shaft, are also practicable 
for the vertical arrangement. 

Driving Unit 

The most convenient method of cargo oil pump 
drive so far established is by a geared steam tur- 
bine. Although the highest practicable efficiency is 
desired for these turbines, particularly in Diesel 
tankers using waste heat boilers, they are only op- 
erated for short periods and have to be robustly 
constructed, so that turbines with a single-pressure 
stage having a two-row wheel are usually adopted. 
The cargo pumping is usually controlled from deck, 
and the turbines have remote reading electrical 
tachometers and remote speed control, which may 
either be by a remote steam valve or by remote 
operation of the speed governor. Dangers and limi- 
tations of speed control are noted later. 

Although they are controlled from the deck, car- 
go oil pumps are not regarded as deck machinery, 
but they do have rougher operating conditions than 
those to which turbine driven machines are nor- 
mally subjected; and this is taken into account in 
the design of their protective equipment. As the oil 
level falls below about 3 feet in the tanks, the speed 
of the pump should be reduced progressively. This 
may not always be done and the pump will cavi- 
tate, allowing the turbine to overspeed and trip out. 
Excessive use of the emergency trip gear is unde- 
sirable, and a flyweight governor may be arranged 
to stop the machine on overspeed by releasing oil 
pressure from the low oil pressure trip normally 
included in these machines. Sometimes the same 
flyweight governor is used to control speed in nor- 
mal operation as well as to stop the machine on 
overspeed. The centrifugal overspeed governor is 
set for a higher speed and should operate only in an 
emergency. 

Whatever type of speed governor is fitted it 
should be arranged to keep control of the speed 
from full pump output down to zero output with 
closed discharge valve. But the steam throttle valve 
should not be able to close tight and should pass 
enough steam to overspeed and trip the turbine if 
the pump cavitates or loses suction. Alternatively, 
the governor may be arranged to keep control of 
the turbine even with the pump empty if a device 
is fitted to trip the turbine when the temperature 
rise across the pump exceeds a predetermined 
value, since, as mentioned before, it is dangerous 
to allow a cargo oil pump to continue running 
empty or with insufficient oil flow to keep the tem- 
perature down. 


In view of the flat head/quantity characteristic 
of a centrifugal pump, and since the head varies 
as the square of the speed, there is a danger in 
using speed variation to reduce the cargo pump 
capacity when flow to the suction strum fails to 
keep pace with the pump. If one pump is low in 
speed compared with the others discharging to the 
common shore line, this pump may be unable to 
hold its non-return valve open against the line pres- 
sure, and it would operate, therefore, under valve 
shut conditions. The method of adjusting capacity 
in this case should be to throttle the pump dis- 
charge valve at constant speed. The remarks re- 
garding the inefficiencies of so doing, noted under 
“Condenser Circulation,” are not so critical, due to 
the limited period of running under these condi- 
tions and the fact that oil is being handled. 

Tank stripping arrangements now available in- 
clude separate low capacity steam reciprocating or 
rotary vane type pumps with associated pipelines; 
an auxiliary air exhauster driven by, and used in 
conjunction with, the main cargo pump thereby 
affording self-priming; or a separate gas extraction 
system. In this latter arrangement the suctions of 
the main cargo pumps are connected to the exhaust- 
ing system via a ball float, or liquid repelling de- 
vice, to prevent the entrance of liquid. 


GENERAL TOPICS 
Use of a-c Electric Supply 

In discussing the various types of pumps, the 
question of the move towards the use of alternating 
current as compared with direct current has been 
touched on several times. 

From the pumping point of view the advantages 
of reduced unit maintenance are usually weighed 
against the difficulties of obtaining speed variation. 
In general however the need for variable speed 
centrifugal pump drives is much less than might be 
expected—in land applications it is seldom provided 
except for large boiler feed pumps. In most services 
if the pump size is well chosen it works, in a stable 
and satisfactory manner, under conditions indicated 
by the point of intersection of the pump head/quan- 
tity curve and the system resistance/quantity 
curve. If a variation is necessary, then instead of 
altering the pump performance by speed variation 
the system resistance may be increased by throt- 
tling or reduced by bypassing, with a corresponding 
variation in pump output. As mentioned under 
“Condenser Circulation” however, care must be 
exercised to avoid inefficient operation and it is 
recommended that such variation should be limited 
to between the approximate values of 70 per cent 
and 115 per cent of design capacity. If this is not 
sufficient, a motor to run at two alternative fixed 
speeds can be provided without undue complication. 

A further point is that a-c motors should be run 
at as nearly full load as possible to ensure a good 
power factor for the ship’s alternators and on this 
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account undue margins in motor power are to be 


avoided. 


Accurate Estimation of Operating Conditions 

This draws attention to a design question which 
applies to units with a-c or d-c motors, or steam 
drive, but which has been emphasized by the re- 
strictions imposed by alternating current, viz. the 
importance of correct assessment of the pumping 
capacity required from the pump and the corre- 
sponding system resistance, so that the smallest and 
most economical unit may be selected. Too often in 
the past has the facility of speed variation con- 
cealed undue overestimation of requirements. This 
has resulted in the use of a pump considerably 
larger and more costly than necessary, run, when 
installed, at a reduced speed. Since pump head va- 
ries as the square of speed and quantity directly 
with speed, reduction in speed of an over-large 
pump results in most cases in inefficient running, 
with consequent wear and tear on pump internals. 

It is to be hoped therefore that the discipline im- 
posed by the single-speed a-c motor drive will re- 
sult in indirect and possibly unexpected reductions 
in the cost of pumps as well as motors and in the 
amount of upkeep they require. 


First Cost, Running Cost and Upkeep 

In conclusion, a few thoughts on cost may prove 
of interest. The first cost of a pump depends es- 
sentially on the weight and cost of materials used 
and the time expended in its manufacture. Since 
pump capacity varies directly with speed, and out- 
put pressure as the square of the speed, the size and 
weight can be greatly reduced by utilizing higher 
running speeds. A limit to speed increase is how- 
ever set by the following factors: 

a) Pump efficiency falls off above a certain speed, de- 


pending on the pressure required, thus increasing the run- 
ning cost; 


b) The smaller size of unit results in hydraulic wear and 
tear being concentrated on a smaller surface of metal with 
more severe results; 


c) There is an increased rate of mechanical wear conse- 
quent upon the higher speeds. 


Reduced cost of replacements and of the labor 
costs of maintenance may compensate in some 
measure for the decrease in useful life resulting 
from these factors. 

As regards driving motors, cost appears to fall 
rapidly with speed till a certain speed is reached 
and then it levels off. This may however be tied up, 
at least in part, with quantity production and de- 
mand, in which case wider use of high speeds 
should eventually show a further drop in cost. 

Setting aside the conflicting requirements of using 
higher speeds to reduce first cost and keeping 
speeds moderate to reduce running and upkeep 
costs, the centrifugal pump designer is faced with 
the basic question of optimum blade length/width 
ratio for the impeller—too long and narrow blades 
cause high fluid friction losses, while too short and 
wide blades fail to control the flow of water result- 
ing in turbulence losses. 


Although it cannot always be achieved, the ideal 
pump would therefore be designed to give the best 
hydraulic proportions for impeller and diffusion 
passages, with the speed of rotation selected to suit. 
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GAS TURBINE FOR AMPHIBIOUS VEHICLE 

Conversion of a military amphibious landing vehicle to gas turbine 
power is now underway at Jered Industries, Inc., Detroit. Designated 
LVTPX-10, the turbine-powered craft is a conversion of the Marine Corps 
LVTP-5 personnel and cargo carrier. Jered is developing the craft for the 
Navy's Bureau of Ships. The new transmission system developed by Jered 
weighs under 3,200 lb. compared to more than 6,500 lb. in the replaced 
equipment. Space occupied by the turbine engine itself is only 9 cubic 
feet against 65 cubic feet for the reciprocating powerplant. Reduced 
physical size of the propulsion equipment combined with the transmission 
permitted moving the engine compartment bulkhead aft 5 ft. which en- 
larged the craft's cargo volume by 210 cubic feet or 33!/3 per cent. 
LVTPX-10 will carry 46 fully equipped troops while the LVTY-5 now trans- 


ports 34. 
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C 
INTRODUCTION d 
yt REQUIREMENTS of an engine that will operate : 
under the unusual and severe environmental con- : 
ditions that exist in space are unique. It is not suffi- rr 
cient to speak of such items as capital costs, effici- y 
ency, etc. The emphasis lies with reliability, light . 
weight, high exhaust velocities to give maximum P 
thrust per pound of propellant, mission require- . 
ments, etc. In many instances these considerations . 
require novel technologies to be developed before . 
engineering solutions can be reached. It is also ap- . 
parent that the classical distinctions in engineer- 
ing (i.e., Mechanical, Naval, Civil, Electrical, etc.) . 
do not apply since this new field encompasses all of p 
these disciplines as well as other sciences. It is, s 
therefore, necessary that all branches of the en- 
gineering sciences become familiar with this new t 
discipline. Since 1957, Republic Aviation Corpora- . 
tion’s Plasma Propulsion Laboratory has been ac- . 
tively engaged in the field of plasma science with ‘ 
the object of understanding the basic processes and é 





to develop a pulsed plasma engine suitable for space 





applications. 

The use of the electromagnetic pinch effect for 
propulsion has been described in several references 
[1, 2, 3]. In this engine capacitors are discharged 
across two nozzle-shaped electrodes wherein a radial 
pinch is converted to axial motion of the ionized 
gas between the electrodes (see Figure 1). A “mag- 
netic piston”, caused by the intersection of a thin 
cylindrical current sheet (discharge) with its own 
induced magnetic field, sweeps the gas between the 
electrodes out of the nozzle. A shock wave is formed 
which overtakes the stationary gas. Velocities of 
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Figure 1. Nozzle Electrodes 


70,000 meters per second have been obtained and 
it is anticipated that velocities up to 100,000 meters 
per second can be achieved if desired. 


Three types of electrodes have been used for ex- 
perimentation and they are illustrated in Figure 2. 
The cylindrically symmetrical electrodes (Figure 
2a) are similar to the linear discharge electrodes 
which have been the subject of much experimenta- 
tion for controlled thermonuclear fusion. The “one 
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Cylindrically Symmetric Electrodes 


One Dimensional Nozzle Electrodes 


Radially Dominant Nozzle Electrodes 


Figure 2. Three Types of Pinch Experiments 


dimensional” nozzle electrodes (Figure 2b) are 
designed with a constant cross-sectional flow area 
throughout the annular path. The width of the an- 
nular path is considered small enough relative to 
the average radius of curvature of the flow path 
that a one dimensional, time dependent, flow analy- 
sis can be applied. The nozzle electrodes of Figure 
2c were designed to permit the maximum length 
of radial travel before turning the driven gas in 
an axial direction. An analysis of the electrode 
geometry to yield maximum work on the plasma 
by the electric circuit is currently being carried 
out. 

The results obtained with each of these electrodes 
indicate the following: 


1. A cylindrically symmetrical pinch can be easily ob- 
tained with many shapes of electrodes and different gases 
and the phenomenon can be repeated many times with the 
same quantitative results. 

2. The formation of the initial skin current (ie., the ini- 
tiation process), herein called the “magnetic piston”, is fully 
determined by the initial circuit and gas conditions. The 
location of the initial current is always at the outer radius 
of the electrodes and the current path has been found to 
be axisymmetric. 

3. The familiar Lorentz force created by the interaction 
of the skin current and its self-induced magnetic field 
(no externally applied magnetic field is required) is acting 
uniformly on a surface normal to the desired flow lines 
between the electrodes. This latter statement is true at 
least prior to any sharp curvature of the electrodes. 

4. Essentially all of the initial bulk motion produced in 
the radial pinch appears in a directed, readily usable thrust 
producing sense. This leads to a highly efficient method of 
energy utilization for propulsion. A pilot engine has already 
been operated uninterrupted in a vacuum chamber for 
118 hours. 


Based upon the foregoing and other pertinent 
considerations, it has been concluded that the radial 
pinch effect is a practical and simple principle for 
the realization of space propulsion systems. 

A brief discussion and comparison of four analyti- 
cal models of the radial pinch and their application 
to a specific geometry and set of system parameters 
are also discussed below. 


GAS DYNAMICS 

Currently several analytical models are used to 
analyze the pinch process. While some of these 
rely on non-continuum fluid concepts, most analyses 
approach the problem from a continuum fluid point 
of view. In particular, four models are examined 
below as they apply to a thrust producing radial 
electrode geometry. The analytical models that will 
be briefly discussed are: 

1. The “snow plow” model [4] 

2. The “quasi-steady” or “hydrodynamic” 
model [1] 

3. The “slug” model [5] 

4. The “gasdynamic” model [6] 

The conservation equations required for a coupled 
electrodynamic-gasdynamic analysis are the con- 
tinuity equation, the momentum equation, the 
energy equation and an electrical circuit equation. 
Simplifications are generally introduced to reduce 
the complexity of the overall problem. The addi- 
tional simplifying assumptions are usually applied 
to one or more of the following: the electrode geom- 
etry, the electrical and magnetic properties of the 
fluid, the gasdynamic and thermodynamic proper- 
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ties of the fluid, the initial distribution of the fluid, 
and the circuit parameters. Some of these, which 
are common to all of the models, will be discussed 
briefly prior to a more detailed treatment of each 
model. 

The axi-symmetric, non-ablating electrode geom- 
etry generally discussed has for the sake of simpli- 
city been either of constant area or of constant 
spacing with negligible resistive and capacitive ef- 
fects. 

In all of these models, one finds that the Lorentz 
force provides the driving pressure at the current 
carrying portion of the fluid. This pressure is as- 
sumed uniform and acting normal to the current 
sheet even in the curved portion of the electrodes. 
The magnetic field required for the Lorentz force 
is generated by the current which passes from one 
of the electrodes, through the cylindrical current 
carrying fluid element to the other electrode, 
neglecting boundary layer effects. Again for sim- 
plicity of analysis, it is assumed that the current 
carrying fluid element has zero electrical resistan-e 
(i.e., infinite conductivity) and also negligible 
energy is required to establish and maintain this 
conducting sheet. The assumption of infinite con- 
ductivity in the presence of the magnetic field im- 
plies that no ionized particles can cross the con- 
ducting sheet. Finite conductivity would permit 
electrically neutral fluid to cross the interface be- 
cause of the hydrodynamic pressure difference that 
is present. This can be seen from the physics of the 
interface. The general boundary condition at the 
interface is that the sum of the magnetic pressure 
plus hydrodynamic pressure is constant across it. 
For an infinitely conducting fluid only hydrody- 
namic pressure can exist in front of the sheet 
since the magnetic field can not penetrate the 
sheet. Behind the sheet both a hydrodynamic and 
a magnetic pressure can occur. It is this hydro- 
dynamic pressure difference that can cause some 
leakage of electrically neutral fluid across the sheet. 
In general it is found that the hydrodynamic pres- 
sure behind the interface is negligible compared to 
the hydrodynamic pressure ahead. It is for these 
reasons then that all of the models assume that at 
the interface the magnetic pressure behind the 
sheet can be equated to the hydrodynamic pressure 
ahead of it. From this one can qualitatively reason 
that the shock Mach number of a magnetically 
driven strong shock should be approximately equal 
to the square root of the ratio of the magnetic pres- 
sure to the free stream hydrodynamic pressure. Fig- 
ure 3, based upon strong shock considerations, shows 
the relation of shock Mach number to pressure. 
Since magnetic pressure depends on current, it is 
postulated that the shock or interface velocity or 
their respective Mach numbers are related to the 
instantaneous current. This has been established 
from the snow plow model and was found to be a 
simple functional relationship for the first quarter 
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Figure 3. Shock Mach Number as a Function of Pressure 
Ratio 


cycle of the current for all of the models. [7]. 

As in many other complex gasdynamical prob- 
lems, the fluid is considered inviscid, ideal, adiabat- 
ic and to have constant specific heats. Compressibil- 
ity is taken into account in the quasi-steady model 
and in the gasdynamic model. However, in the 
quasi-steady model, one of the implications of the 
quasi-static assumption is that pressure signals can 
pass instantly through the entire body of fluid. This 
assumption is justified by noting that most of the 
available experimental data indicate that the dis- 
tance between the current sheet and the shock is 
very small and hence traversed by pressure signals 
in negligible time. The quasi-steady model is use- 
ful only during the first quarter cycle of the cur- 
rent. 

Another condition usually imposed is that all gas- 
dynamic parameters within the electrode assembly 
are uniform before initiating a pinch. This of course 
is true in thermonuclear work or in any laboratory 
setup where the electrode assembly is located in a 
stationary medium. In a propulsion system one 
can not expect the fluid to be uniformly distributed. 
This is because the pinch process must be repeated 
in order to produce thrust, and in order to do so, 
new fluid must be present in the nozzle assembly 
before the pinch can occur. Fluid introduced into 
the pinch chamber will tend to distribute itself in 
the chamber and in the case of space propulsion, 
leak out of the nozzle assembly. The distribution 
of fluid and the leakage flow provides the fluid with 
an initial velocity and a non-uniform distribution of 
thermodynamic properties. Thus, in general, a uni- 
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Figure 4. Density Distributions 


form distribution of fluid properties and zero initial 
velocity is not truly a correct initial condition for 
the pinch process as applied to a propulsion sys- 
tem. Recently the snow-plow analysis has been ex- 
tended to cover the general case of non-uniform 
initial conditions (both mass distribution and vel- 
ocity) [8]. Figure 4 shows the density distribution 
for typical cases presented in [8]. 


Of the circuit elements, the external capacitance, 
resistance and inductance are assumed constant and 
invariant with respect to time. All of these elements 
are in a series circuit and displacement currents are 
neglected even when the circuit is allowed to ring 
[9] on the gas. 


Briefly, the four models discussed distinguish 
themselves in the manner by which the actual non- 
steady gasdynamic action occurring between an 
advancing shock front and an electrically conduct- 
ing fluid sheet is approximated. In the “snow plow 
model”, all of the fluid overtaken and energized 
by the actual shock front is assumed to be located 
in a uniform manner in a very thin layer at the 
electrically conducting fluid sheet. The entire body 
of fluid swept out and located between the shock 
and the conducting fluid sheet is assumed to be 
moving at the same speed as the fluid sheet and is 
driven by the force due to the magnetic pressure 
existing at that instant. This conducting fluid sheet 
is commonly referred to as a “magnetic piston” be- 
cause of the similarity of the behavior of a slab of 


a perfectly conducting fluid sheet in the presence 
of a magnetic field with a solid piston. The “quasi- 
steady” or “hydrodynamic model” assumes that at 
any instant of time one has an advancing shock 
front overtaking stationary fluid. The fluid over- 
taken is assumed to be at uniform conditions and 
located between the shock and the magnetic piston 
and moving at the piston velocity. The shock velo- 
city and piston velocity are assumed to be re- 
lated by the Rankine-Hugoniot strong shock re- 
lation at any instant of time. The magnetic pres- 
sure existing at any instant is taken to be identically 
equal to the hydrodynamic pressure behind the 
shock at the same instant. The “slug model” as- 
sumes that all of the fluid mass that is to be ener- 
gized is a fixed quantity for all time and is situated 
at the piston face from the instant at which ac- 
celeration commences. Also, this body of fluid is 
treated as a quantity of matter unaffected by the 
lack of fluid ahead of it. The “gasdynamic model” 
makes an effort to include the nonsteady gasdy- 
namic motion between the shock and piston and be- 
yond, by applying finite difference techniques to the 
governing conservation equations. The shock is re- 
placed by a thin layer across which the gasdynamic 
parameters vary rapidly but in a continuous man- 
ner. A continuous nonsteady flow field is achieved 
throughout by suitably introducing an artificial dis- 
sipative term which transforms the hyperbolic 
differential equations into nonlinear parabolic form. 
Table 1 summarizes the assumptions which are the 
basis of each of the models. 


ELECTRODYNAMIC CONSIDERATIONS 


The electric circuit considered consists of a ca- 
pacitance, (C.), a resistance (R.), an inductance 
(L.) and a plasma pinch chamber. Due to the 
movement of the “magnetic” piston, the electrode 
geometry and the piston position introduce a time- 
varying inductance into the circuit (L,). In the 
present paper the capacitance of the pinch cham- 
ber and the resistance of the plasma (which is a 
function of degree of ionization and temperature of 
plasma) will be neglected. The appropriate elec- 
trical circuit equation has been derived very ele- 
gantly by Neuringer [9] using energy concepts, 
and from his analysis the distribution of energy 
in the circuit can be clearly seen. The governing 
circuit equation reduces to 


d? j di i 
Fp {Lrorari }+Re-S> bd - aoe wed a Sw wales (1) 
or may be written, 
d?i di i da? 
—— - — + —= — —_ RP sis ania 2 
Lege te Ge tc i Li} (2) 


The left hand side represents the contribution of 
the external circuit, while the term on the right 
represents the inductive effect of the contracting 
plasma. Normally it is assumed that the initial posi- 
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TABLE 1-a 
SUMMARY OF ASSUMPTIONS 
(Snow Plow Model and Quasi-Steady Model) 


SNOW PLOW MODEL 
MASS 

Mass continuously picked up during acceleration. 
Mass picked up assumed accumulated in a thin layer 
at the advancing current sheet. Mass to be picked up 
distributed in any manner if considered in equations. 
(Usually considered uniformly distributed and at 
rest.) 


FLUID 
Continuum 
Perfect gas (or modified) 
Inviscid 
*Infinitely compressible 
Adiabatic, infinite thermal conductivity 
Picked up mass, infinite electrical conductivity 


Negligible energy to ionize 
Magnetic pressure » local static pressure at the 
current sheet and » initial chamber pressure 


PINCH AND GEOMETRY 
Implosive or explosive 
Lorentz force uniform and normal at current sheet 
Negligible resistive and capacitive effect of electrodes 
Non-ablating electrodes 
Constant area or constant spacing electrodes 


ELECTRICAL 
External capacitance, resistance, inductance constant 
Plasma inductance variable 
Circuit elements in a series circuit 
Displacement currents always neglected 


GOVERNING EQUATIONS 
Non-linear 


QUASI-STEADY MODEL 


Mass continuously overtaken by advancing shock dis- 
tributed uniformly in space between current sheet 
and shock. Mass can initially be at rest or moving 
uniformly. (Usually considered uniformly distributed 
and at rest.) 


Continuum 

Perfect gas (or modified) 

Inviscid 

*Compressible 

Adiabatic, infinite thermal conductivity 

Infinite electrical conductivity at a thin current 
sheet only 

Negiigible: energy to ionize 


Implosive or explosive 

Lorentz force uniform and normal at current sheet 
Negligible resistive and capacitive effect of electrodes 
Non-ablating electrodes 

Constant area or constant spacing electrodes. 


Constant external capacitance, resistance. Total in- 
ductance constant (decoupled case) 

Circuit elements in a series circuit 

Displacement currents always neglected 


Linear (electrodynamic and gasdynamic equations de- 
coupled for simplified numerical analysis) 


* Rankine-Hugoniot strong shock relations assumed to apply at every instant. 


tions of the return conductor and the piston are 
coincident at the outer electrode radius. If this is 
not so, there will be an initial plasma inductance 
which can be included in the external inductance 
term. 

The inductance of the plasma can be expressed 
in the form 


__u (* A@) dé 
L0=45), “a 


where A= cross sectional area between electrodes 
which contains the magnetic field 


x, £ = distance moved by “magnetic” piston along 
the flow path 


r= mean distance of piston from the axis of 
symmetry 


For cylindrical geometry, L, reduces to 
Es tome (Ry/t) 
where 1, equals electrode space at radius R, while 


for “constant area” electrodes as have been used 
experimentally at RAC, 
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In a propulsion system, it is desirable to predict 
the partition of condenser energy in the circuit. 
[9] shows that the power expended by the con- 
denser across the pinch chamber goes into (1) in- 
creasing magnetic energy due to the time rate of 
change of current at the instantaneous value of the 
plasma geometry (L,) which is equivalent to 
L,i di/dt, and (2), the energy required to keep the 
current constant with a changing plasma geometry 
i? dL,/dt. One half of this second term goes into 
magnetic energy, while the other half i? dL,/dt 
is easily proved to be equal to the rate at which 
mechanical work is done on the plasma. 

Consequently, of the energy expended by the 
condenser at a given instant of time, an amount 


t _ di t ., dL, 
[. Lrorani-gat+ | Lia haan 
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TABLE 1-8 
SUMMARY OF ASSUMPTIONS 
(Slug Model and Gasdynamic Model) 


SLUG MODEL 
MASS 
Fixed quantity always located at advancing current 
sheet 
No mass ahead of or behind current sheet 


FLUID 
Not considered a fluid 
Continuum 
Inviscid process 
Incompressible substance 
Adiabatic, infinite thermal conductivity 
Infinite electrical conductivity 
Negligible energy to ionize 


PINCH AND GEOMETRY 
Implosive or explosive 
Lorentz force uniform and normal at current sheet 
Negligible resistive and capacitive effects of electrodes 
Non-ablating electrodes 
Constant area or constant spacing electrodes 


ELECTRICAL 
External capacitance, resistance, inductance constant 
Circuit elements in a series circuit 
Displacement currents always neglected 
Inductance variable due to motion of slug 


GOVERNING EQUATIONS 
Non-linear 


is in the magnetic field and recoverable, an amount 


t 
ofa 


has been transformed into kinetic plus thermal 
energy of the accelerated plasma, and an amount 


t 
| i? R, dt 


has been wasted in joulean heat. It appears de- 
sirable, therefore, to “ring out” the electric circuit 
until all the condenser energy is expended to pro- 
vide the maximum utilization of energy, or alter- 
natively to disconnect the circuit by means of a 
switch as the current goes through its zero values, 
ie, at end of half cycles. In this way, the full 
amount of field energy can be recovered by the 
condensers. [7] 

It is immediately obvious that the amount of 
work done on the plasma is greater, the greater its 
inductance relative to the external inductance. The 
internal inductance of the plasma is controlled by 
the geometry of the pinch chamber, so it appears 
that most advantage can be achieved by maintain- 
ing the external inductance at the lowest possible 
values. The external resistance also should be kept 
as small as possible, so as to avoid excessive joulean 


GASDYNAMIC MODEL 


Mass continuously overtaken by advancing shock dis- 
tributed between shock and current sheet, taking into 
account nonsteady flow processes. Initial mass can be 
distributed in any manner. 


Perfect gas (or modified) 

Continuum 

Inviscid 

Compressible 

Adiabatic 

— electrical conductivity at a thin current sheet 
only 

Negligible energy to ionize 

Shock replaced by an artificial diffusion process 


Implosive or explosive 

Lorentz force uniform and normal at current sheet 
Negligible resistive and capacitive effect of electrodes 
Non-ablating electrodes 

Any area variation 


External capacitance, resistance, inductance constant 
Circuit elements in a series circuit 

Displacement currents always neglected 

Plasma inductance and resistance variable 


Non-linear, solved by method of finite differences 


dissipation of the current wave form. It can be 
demonstrated that for optimum conversion both 





L, and 





3 oF el 
5 V r- should be made as small as 


possible. In [10] the linear pinch in cylindrical 
electrodes is analyzed using the quasi-steady 
method, and its results indicate the dependence on 
geometry and electrical characteristics. The “pinch 
time”, defined as the time taken for the piston 
driven shock to reach the center line, was made to 
correspond to the quarter cycle time when the ex- 
ternal resistance was zero. It was found that with 


increasing = V : , the pinch time increased 
as a result of the much reduced current maximum. 
For relatively large values of the damping factor, 
the current remained almost constant after reaching 
its maximum value. The results also indicated that 
the magnetic work on the plasma (for given initial 


energy on the capacitor) initially increased quite 


rapidly and then more slowly as the ratio of maxi- 
mum plasma inductance to the external circuit in- 
ductance was increased. 


From the foregoing it appears that in general, 
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for optimum operation, a study of the most de- 
sirable electrode configuration for maximum mag- 
netic work input is required. Such a configuration 
would entail maximizing the integral 


eee eS 


subject to the condition that the mass of gas is 
fixed 


r’ 


dy Ade 
dt oO 


r? 


[ 2zr p(é) dA 
for a given external circuit configuration and ca- 
pacitor energy. This must be done keeping in mind 
the gasdynamic requirements of small electrode 
spacing to radius of curvature ratio for one dimen- 
sional type flow, and no boundary layer separation. 
Such an analysis is currently in progress. Other re- 
sults of analytical studies are further indicated in 
the next section. 


ANALYTICAL RESULTS AND CONCLUSIONS 

Experimental data from the Republic plasma 
pinch engine reveal that roughly 10 percent to 25 
percent of the capacitor energy appears as kinetic 
energy of the plasma being discharged. Analytical 
studies have been carried out at Republic showing 
that the efficiency achieved experimentally is far 
from optimum. A few of the electrodynamical and 
gasdynamical techniques for increasing the effici- 
ency will now be briefly presented. 

It has already been pointed out earlier in this 
paper that of the energy available from the ca- 
pacitor not all of it will be transformed into me- 
chanical work. The distribution of available energy 
in the various forms that this energy can assume 
was examined for a wide range of parameters using 
the snow plow analysis programmed on an IBM 
704 computer [7]. At any instant the energy out 
of the capacitor was equated to the kinetic energy 
of the plasma, circuit heating (i.e., joulean dissipa- 
tion), the magnetic energy in the external circuit, 
and the magnetic energy residing in the plasma. 
The results of this analysis showed that the ratio 
of kinetic energy to the energy out of the capacitors 
at any instant is an increasing function of time 
which indicates the desirability of ringing the cir- 
cuit on the plasma. Figure 5 shows the variation of 
kinetic energy, circuit heating and magnetic energy 
associated with the plasma for one of the many cases 
examined (the magnetic energy in the circuit has 
been deleted for sake of simplicity of presentation). 
For a given accelerator geometry and mass to be 
accelerated, the number of current cycles that 
would ring out on the plasma was found to depend 
on electrical circuit parameters. A most significant 
result was that the plasma momentum was found 
to be an increasing function of the number of 
quarter cycles with which the current would ring 
out on the moving plasma. Figure 6 shows the ratio 
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of instantaneous momentum to the momentum at 
the quarter cycle as a function of the number of 
quarter cycles of current ringing for one of the 
many cases examined. Qualitatively, the other cases 
examined exhibited this same increasing momentum 
relationship. From a propulsion point of view this 
mode of operation is desirable because the mo- 
mentum, i.e., thrust achievable, is increased. In 
Figure 7 the variation of efficiency of transfer, i.e. 


_kinetic energy of the plasma 


~ original energy stored in the capacitor 





has been nondimensionalized in respect to its value 
at the current quarter cycle. The effect of ringing 
shows clearly an increase in the efficiency. It is 
significant to note that of the energies among which 
the original energy in the capacitor is distributed, 
the magnetic energy stored due to inductance van- 
ishes when the current is zero. This is immediately 
apparent from an inspection of the circuit equa- 
tion [9]. Hence the plasma should leave the ac- 
celerator when the current passes through zero, 
or when the current is very nearly zero such as is 
the case after a few cycles of damped ringing on 
the plasma. This technique precludes residual 
energy residing in the field [7]*. Discharging the 
plasma from the accelerator when the current 
passes through zero without switching off the cur- 
rent mechanically from the capacitor is not suffici- 
ent, for the plasma expanding from the accelerator 
can still form a conducting current loop with the 
electrical circuit. This has been observed experi- 
mentally at Republic. Since super fast acting elec- 
trical switches designed for this type of application 


Conversion Efficiency at Quarter Cycle 
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Figure 7. Energy Increase due to Ringing on Plasma 
Current Quarter Cycles 
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(service life and reliability) are not available, it 
is believed that the ringing technique will provide 
both a simple and highly efficient mode of operation 
for a pulsed type propulsion device. However, in 
order to ring out properly on the gas it is necessary 
to have a frequency high enough so that relaxation 
processes do not become significantly large with 
the consequence of a loss of ionization and pos- 
sible loss of the current carrying skin. It is there- 
fore in order briefly to consider the requirements 
for achieving a pinch since these must be dependent 
upon the electrical circuit parameters. 

The first requirement for the pinch is therefore 
that an electrical discharge must occur. One may 
postulate that the sequence of events could start with 
a “Townsend Shower,” proceeding to a glow dis- 
charge and thence to an arc discharge. It is during 
this latter stage that the so-called current sheet is 
formed. Once established, it is necessary to have con- 
tinued increase in the time rate of change of current 
so that the magnetic pressure on the outer surface 
of the sheet exceeds the gas pressure in the sheet 
and a radially directed motion will start. The time 
(and distance) required for the formation of a strong 
shock varies inversely as the acceleration of the af- 
fected gas. Thus it is necessary that the rise in mag- 
netic pressure should occur in a time that is short 
compared to the propagation time of a weak pressure 
signal. In order that the action initiated shall con- 
tinue, it is necessary to achieve and sustain high cur- 
rents in relatively short times. 

If the magnitude of the peak current is large but 
the rate of rise of the current (after the arc discharge 
state) is small compared to the time for a weak pres- 
sure signal to propagate, the shock will not form. 
Under these conditions the gas in the duct will be 
heated at essentially constant pressure and the maxi- 


24+ T 1 — 
ie mum velocity that occurs will correspond to Mach 1. 


Based upon these and other considerations, the 


a i writers’ conclusions regarding the initiation of the 


| pinch may be summarized as follows: 


| 1. A pinch can not exist in a continuum if the current 


carrying sheet is not established. To establish the cur- 
rent carrying sheet (skin) it is necessary to meet certain 
frequency and conductivity requirements. This “pre- 


— pinch” condition is currently under investigation. 


2. It is necessary to have a rate of current increase above 
taygone 
| a certain minimum (based upon geometry, gas, etc.) if 


di 
one is to achieve a pinch (ie., a> a). 


| 3. To sustain the pinch the peak current must also exceed 
{ a minimum (not necessarily the same minimum as for 


di 
4. The two criteria, i and my must be jointly satisfied. 


It is appropriate to discuss briefly the problem of 
charging capacitors from a power source. An ex- 
tensive study of this problem has recently been com- 
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pleted at Republic [11, 12, 13] and the following 

conclusions were reached: 

1. The efficiency of energy transfer to a condenser by DC 
charging through R with L—0 is shown to be limited 
to 50 percent, even if R is a function of time. The 50 
percent is the “conventional” conclusion that one finds 
in the literature. 

2. Capacitor charging efficiencies greater than 50 percent 
can be achieved in practice by either shaping the voltage 
or introducing inductance into the charging circuit. 

3. Using voltage shaping, it is shown that a “ramp” input 
voltage to the capacitor results in the maximum efficien- 
cy which approaches 100 percent. 

4. Introducing inductance into the charging circuit also per- 
mits high charging efficiencies without the necessity of 
shaping input wave form. This mode of charging suggests 
an operating cycle in which the discharge cycle fre- 
quency is made equal to the charging cycle frequency. 
In this operation, the capacitors reach their optimum 
charge at the same instant that the discharge cycle is 
ready to operate. The pinch would automatically be trig¢- 
gered (without the need for switches) by the break- 
down characteristic of the gas in the pinch chamber. 
This type of operation has been called “resonant charg- 
ing” and appears very promising. 

The work mentioned above indicates many possi- 
ble methods of condenser charging which will yield 
charging efficiencies approaching 100 percent. 

The studies mentioned above also have shown the 
possibility of increasing the amount of available 
energy to the plasma. In an actual plasma accelerator, 
a considerable amount of the energy input to the 
plasma appears as non-thrust producing thermal en- 
ergy. If a pulsed plasma accelerator operating in a 
vacuum is constructed so that the shock arrives at 
the front interface of the injected fluid inside the 
nozzle after the current has terminated, the subse- 
quent flow of propellant will have the kinetic energy 
larger than the internal energy. In a pulsed plasma 
accelerator operating in a vacuum where gas is in- 
jected just prior to the generation of the shock, this 
injected gas, due to expansion, will be moving. The 
kinetic energy behind the shock thus exceeds the 
thermal energy. A shock colliding with gas expand- 
ing as a complete rarefaction wave examined one- 
dimensionally in an ideal fluid has the initial rare- 
faction wave transmitted as a complete rarefaction 
wave. In the interaction the shock strength changes 
with time. Hence there will be an entropy gradient 
following the shock. Approximating the flow field 
behind the shock by conditions across a centered com- 
plete rarefaction wave where the initial flow condi- 
tions are governed by conditions behind a strong 
shock, enables one readily to determine the ratio of 
kinetic to internal energy behind the shock at any 
instant. Table 2 shows the results of this computa- 
tion. [14] 


TABLE 2 
Ratio of Specific Heats K.E./LE 
Bc halide tats Ac dien kta aaebe chennai 1.00 
Be ENE nck 4 de aacnmse nt aodes saceel 2.67 
i ME ED Soc c.catnccstneasaseedqwas 3.34 
I RS OF 2 5A CAS aS pee RR ae a 4.00 
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It will be noted that the kinetic energy exceeds 
the internal energy significantly. 

In the literature the statement has been made that 
behind the magnetically driven shock of a pulsed 
type plasma accelerator, the internal energy will 
equal the kinetic energy. As a matter of interest, the 
derivation for this result assumes that the shock 
moves into a gas at rest, the pressure and enthalpy 
ahead of the gas are negligible compared to their re- 
spective values behind the shock, and that one is 
dealing with a magnetically driven shock. The analy- 
sis when applied to a shock overtaking a uniformly 
moving fluid will show that the kinetic energy will 
always exceed the thermal energy. 

In summary, it should be noted that capacitor 
charging efficiencies of the order of 90 percent can 
be achieved and that conversion efficiencies of 80 
percent are anticipated for the pulsed pinch plasma 
engine. From the foregoing, it appears reasonable to 
expect an optimum overall system efficiency (exclud- 
ing the efficiency of power generation) for a pulsed 
pinch engine operating in space of the order of 70 
percent. 
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APPENDIX A 


TasLE A-1—Equations of the Several Models 


CONTINUITY EQUATION 
(constant spacing per unit width) 


Snow plow model m=p,7(R?—r’) (la) 
Quasi-steady pit (T,?—T,") =po7(R,?—r1,”) (1b) 
Slug model m,—=m,=constant (1c) 


0 0 
Gasdynamic model Sp (t%0) +5 (ep) =O (1d) 
(a=O for 1 dim. flow) 


MOMENTUM BPQUATION 


d dr 
Snow plow model —2zrp,,= a ( m<_) (2a) 
Quasi-steady model Pn= poU,” ie (U, —U, ) - (2b) 
Slug model —2zrp,,=mM, —s (2c) 


Gasdynamic model O= LAs (pr°U) + - (r7pU?) +r? 4 
ot or or 


(2d) 


ENERGY EQUATION 


dE, [? dL dU | dm 








Snow plow model as =s See 7 + a U2 
(3a) 
Quasi-steady model oe. oe we a Be 
¥~5 Po 2 y—1 Pi 


1 
+ (U,—U,)*; Pm>Po (3b) 





dE, 
2 


dL d > U? 
a hla ter had 


1 er Bed 
Slug model a 5 


(3c) 


Gasdynamic model O= < (r? E) ++-(rBU+r“pU) 


. (3d) 
wee _* are 
~ where ae | + PU 
CIRCUIT EQUATION 
d dI 1rt 
Snow plow model — DHL gtV—el_ Idt 
(4a) 
dl 1 ct 
Quasi-steady model O=L,4-+V—-<| Idt (4b) 
d dI 1(t 
Slug model -FGD=LtV—GI_ Idt 
(4c) 
Gasdynamic model 
d dl 1f¢t 
- FL D=L. +V- ZI Idt 


CUSP OF PLENTY—Physicists at Stevens Institute of Technology hope to 
confine plasma in a stable cusp, a shape resembling two chalices placed 
top-to-top, in a new approach to control of thermonuclear energy: the 
"Chalice" experiment now underway with the support of an AEC con- 
tract. Principal investigators Professor Samuel Koslov and Professor 
George Schmidt are to produce plasma by vaporizing and ionizing heavy 
hydrogen; heat and compress the ionized gas within two separate mag- 
netic coils lying opposite each other; fire the two plasmas against each 
other on opening a magnetic "valve." If the cusp forms and holds, the 
first step will have been taken toward a practical thermonuclear fusion 


power source. 


—Research/Development, August 1960 
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Today, over the 862-foot level floor of recently enlarged and modernized 4% 
Dry Dock Two, roll new three-stage towers. 
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Starting with standard fork-lift trucks, these towers were designed and 
built in our own shops, like so many of Newport News advanced tools. 
These towers, as well as new rolling stages, easily put one to four men 
into working position anywhere alongside a ship's hull. . . and quickly 
move them from position to position. 

Result, more men work more continuously on cleaning, painting, inspec- 
tion and repair. Big overhead cranes, that once did this work-positioning 
job far less efficiently, are freed to handle heavy duty repairs. Up goes 
overall overhaul speed. And your ship is often ready to go back into 
profitable service days sooner. 


Whatever your ship repair, overhaul, building or conversion requirements, 
Newport News has the team and facilities to save you time and money. 


Newport News 


SHIPBUILDING AND DRY DOCK CO. 
NEWPORT NEWS, VIRGINIA 
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COMMERCIALLY PROFITABLE LAND AND 
MARINE NUCLEAR POWER: 

THE HIGH TEMPERATURE GAS COOLED 


PEBBLE BED REACTOR 


THE AUTHOR 


is a graduate of the U. S. Coast Guard Academy Class of 1948. Assignments 
have included various Coast Guard Ships, a Loran transmitting station, and 
a tour as an instructor in the Science Department at the U.S. Coast Guard 
Academy. At the time of writing he was enrolled in the postgraduate course 
in Naval Architecture and Marine Engineering at Massachusetts Institute of 
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ECONOMICS OF THE SITUATION 


W icx Concress authorized construction of the 
first nuclear powered merchant ship, there was 
little doubt that it was technically feasible, but 
whether or not nuclear propulsion for merchant 
ships would prove commercially feasible was a 
question about which much has been said, both pro 
and con. The answer to this question appears to be 
that the present types of water reactors now in use, 
and modifications thereto, may at best, barely ap- 
proach commercial feasibility. There may be certain 
exceptions to this which the operation of the NS 
Savannah will help to clear up. These appear at 
present to be long range tankers, bulk carriers, and 
possibly liners. The commercial operator thus has 
no compelling counter-reason to use nuclear power 


such as the priceless strategic advantages afforded 
naval vessels. 

If we are to have any nuclear merchant vessels, 
it thus seems they must be government subsidized. 
Such is the case with the Savannah and such 
will be the case with any of the nuclear tankers the 
Maritime Administration would like to build in con- 
junction with the Maritime Reactors Branch 
(MRB) of the AEC. The Maritime Administration 
is presently interested in a 60,000 ton 30,000 SHP 
surface tanker, and also a 20 knot 20,000 ton sub- 
marine tanker. Much design work has already been 
accomplished but Congress has not as yet author- 
ized construction. General Electric has been work- 
ing on the preliminary design phases of a boiling 
water reactor for the surface tanker. 

Data [1] compiled by the MRB is presented in 
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tabular and graphical form. The data refers to 
studies conducted on a 20,000 SHP tanker pre- 
sumed to be on a long run from the United States 
to the Middle-East via Cape of Good Hope and the 
Persian Gulf. Table I lists power plant weights only 
for the PWR vs. conventional plants in 1960 and 
1967. Table II shows a cost breakdown based on 
estimated United States costs in 1961. Nowhere do 
these costs include necessary research and develop- 
ment monies. Table II assumes that construction 
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Figure 1 


NOTE: Nuclear vs. conventional fuel costs on annual basis 
for tankers to Persian Gulf. AEC-MA group thinks two 
lines will actually converge, not diverge, with nuclear power 
being relatively less costly per unit in larger applications. 


costs will probably be lower by 1961 than they 
were in the first ship (the Savannah cost 12 mil- 
lion). Figure 1 compares nuclear vs. conventional 
tankers on fuel costs alone. A 20,000 SHP conven- 
tional tanker costs about 35 cents per each 0.5 lb. 
fuel/SHP-HR (equivalent to 10° BTU). Best esti- 
mates put this figure at about 55 cents for a PWR 
tanker operating on a long distance run. Less favor- 
able runs would raise the figure considerably. Fig- 
ure 2 compares the PWR and competitive boiling 
water reactor (BWR) plants on a capital cost basis. 
For comparison, the cost of a conventional plant of 
17,000 SHP would be about 5 million. The boiling 


TABLE I [1]|—Tanker Power Plant Weight 


(in long tons for a 20,000 SHP Tanker) 


1960 1967 
Fossile Nuclear Fossile Nuclear 
Conventional machinery, wet.. 770 935 750 648 
ED ov dconicwamace veme hee 240 — 240 — 
0 — ae one. — 500 — 400 
I ns vod oe mn's xenon — 1420 — 1160 
Nuclear Plant Structure ...... _ 65 — 50 
EE NEE 6 <acnlcx eds capereee 1010 2920 990 2258 
SEI ea wi kbc sehceceatde 111 321 109 250 
pS Rares ee 9 227 9 — 
WR EE Rv ouckcka neserscacusee 3830 60 3800 — 
GRO ROME © Sos Sek oc ceaes 4849 3207 4799 2258 
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Figure 2 
NOTE: PWR line based on B&W Study 
BWR Line Based on AMF Study 


COMPARISONS 
Capital Cost-17,000 Conventional SHP-$5,000,000 
PWR-$650/SHP 
BWR-$450/SHP 
Conventional-$300/SHP 


TABLE II [1]|—Tanker Comparisons 


38,000 DWT Tanker 85,000 DWT Tanker 


Fossile Nuclear Fossile Nuclear 
~ — Sete 667 667 890 890 
Speed, knot.......... 17 17 17 17 
BN oced ec siktiren 17,000 17,000 32,000 32,000 
ERs se Sackcareont. 8,400,000 8,400,000 20,400,000 20,400,000 


Power Plant cost $. . . .3,000,000 9,000,000 5,000,000 15,000,000 
Operating cost/yr $... 2,045,200 2,726,700 3,887,500 5,005,800 


Fuel cost/yr$........ 460,000 750,000 865,000 1,340,000 
Amortization, $...... 684,000 1,044,000 1,522,000 3,120,000 
Tons/yr at 

cache tas 170,000 187,500 383,000 452,000 
Cost/ton 

Carried $...osicicess 12.00 14.50 10.00 11.80 


water plants then are considerably more economic- 
al than the PWR but still do not achieve real eco- 
nomic competition with conventional plants. Quite 
logically the next “generation” of maritime reactors 
may well be of the boiling water variety. By 1965 
the third generation of reactors may be on the 
scene, and one of the most promising candidates for 
this role is the high temperature gas-cooled reactor 
(HTGR). Present studies indicate it has an excel- 
lent chance of affording commercially feasible nu- 
clear operation. Early in 1958 General Dynamics 
received a five to seven year contract to develop 
a prototype gas-cooled reactor, closed-cycle gas tur- 
bine plant for merchant ship propulsion. Valuable 
data needed for further developmental work will 
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undoubtedly come from the operating tests of this 
prototype of the Maritime Gas-Cooled Reactor 
(MGCR). 


No allowance was made for the special costs that 
a nuclear ship might encounter. It will fall to the 
Savannah to set necessary precedents and to 
ascertain all the pitfalls in the realm of port entry 
and clearance, health, and safety control, water and 
food supply, shore maintenance, waste disposal, in- 
surance, marine law, etc. She will be a trail blazer 
in fields of special interest to the Coast Guard. 


COST ANALYSIS—LAND REACTORS [2, 3, 4, 12] 


It might now be interesting to compare land 
power plant costs to see just how competitive nu- 
clear power is as far as the public utilities are con- 
cerned. 


These figures are presented since there is no 
similar data for marine use. Such data will be 
forthcoming on completion of the Savannah. It 
is believed that relative cost differences between 
fossile fuel plants and the various reactor types will 
be in “the same ball park” as far as marine usage 
is concerned. At least until something better comes 
along, this is a starting point. 


Table III, compares the capital outlay required 
for each plant. It also compares the average cost 
of producing electrical energy on a yearly basis. 
Fossile fuel costs are based on figures for an East 
Coast utility. Plants in other sections would have 
different costs. 


Table IV gives a breakdown of the power produc- 
tion costs. Table V gives a detailed analysis of the 
production costs for a hypothetical PWR. 


Important things to note in Tables III, IV, V are: 
(a) Capital outlay averages $200 more per Kw for 
water reactors than fossile fuel plants. This outlay 
has been reduced by $100 per Kw for the pebble 
bed reactor (PBR). (b) Only the PBR can produce 
electrical energy competitively. (c) The two items 
which bring costs way out of line on water reactors 
are (see table V) construction and fuel fabrication 
and reprocessing. These two items account for some 
80 per cent of the total cost. 

Any new design, such as PBR, must drastically 
slash construction and fuel costs to be competitive. 

Most power companies and ship operators have 
been reluctant to go into nuclear power (water re- 
actors) on their own because they are familiar with 
the uneconomical picture just presented. However, 
all agree that the United States could not just sit 
idly by and were more than willing, at first, to pro- 
ceed with the government subsidizing the operation. 

The AEC has proceeded very cautiously, 
thoroughly investigating all types of reactor con- 
figurations. Much has been learned in their devel- 
opment and credit for any future successes must be 


TABLE III 
Land Plants—Approximate 100 Mw [2, 3, 4, 12] 
Ave. Ave. 
Name Capital Capital Production 
Output Cost Cost Cost 
(MW) (10°$) ($/Kw) (Mills/Kw hr) 
Pennie Wiel... occ ces 100 15 150 7.75 
Shippingport 
CPNEE 4s ccchi aie ceds 60 68 1130 64.4 
*Indian Pt. (PWR) 
CCEA IN, Fs) can 5.00 se 275 90 328 13.6 
*Yankee (Rowe Mass) 
CPM Sileale Kiss 20s 134 50 370 11.3-14.1 
*Dresden (Com. Ed., 
TIL) GR WR) sos sinicsncccss 180 — 7350 105-131 
*Pebble Bed (Sanderson 
5 3. eee 125 32 252 7.46-8.07 


(* Engineering estimate only; usually always too low) 


TasLE IV—Production Costs (Mills/KwHR) 
(Yearly Basis) Breakdown 


Shippin: *A Fossil eae Eee 
- rom 

ort’ PWR Fuel susdies) 
Fixed Charges ......... 22.7 9.4 3.11 5.13 
pS Reena Roe eER Rees 38.4 9.2 4.25 1.48 
Operation and 

Maintenance ........ 3.3 1.0 0.39 10 
go ee ene 64.4 19.6 7.15 761 





(* Average PWR represents an average pressurized water reactor 
building now. Costs are somewhat less than Shippingport and 
slightly higher than the others tabulated.) 


TasLE V-—Breakdown of Costs in Table IV 
for Average PWR 
FIXED CHARGES 


2 CERISE RR an oS spe AN cre om a 8.2 

Start up and fuel investment ............. 12 

Taal Pied CHaTNG oi. ska secession ; 9.4 
Wise) Tr Ro shi coisas Sans ees eee eck. ven 2.2 

Fuel Fabrication and reprocessing ........ 75 

PUM CIB 5 ook as kasi atin eek ee Sk (-)0.5 

EE ND oo sins ésis @ dos Ae as oweaes s 9.2 
Operation and maintenance ................+. ‘ 1.0 
IE 5 pore ig 2 ase dig ois one Eee ee ane 19.6 





(Note: Percentage of total representing fuel fabrication, fuel 
reprocessing, construction is ~80 percent) 


laid to these early programs. However, to date 
none of the types built have achieved real commer- 
cial feasibility, and it appears that their refinements 
may not do too much better. Water cooled reactor 
types now being constructed, or their suggested 
modifications, have not yet been able to achieve 
steam at modern conditions of temperature and 
pressure. This further detracts from their desir- 
ability in the eyes of the private operator. 


DESIGN CRITERIA FOR A NEW APPROACH 

About five or six years ago quite a few commer- 
cial concerns in this country, in Canada, and in 
Western Europe became disenchanted with the cur- 
rent reactor development programs toward uneco- 
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nomical power. These companies included General 
Dynamics, Alco Products, Sanderson and Porter, 
C. D. Howe in Canada, and many private utilities in 
the United States. In Western Germany and Switz- 
erland the companies included Brown-Boveri, 
Krupp, and Escher Wyss. 

One glance at data similar to tables III, IV, V 
revealed the place to start their solution. Their new 
approach must (a) drastically reduce fuel fabrica- 
tion and reprocessing costs, (b) eliminate the ex- 
pensive construction materials for ordinary nuclear 
plants, (c) if possible produce a thermodynamic 
working fluid whose properties were such that it 
could fully utilize the modern conventional steam 
or gas turbines. A premium price must not be paid 
for special, less efficient low pressure turbine types. 
(d) In line with a and c, the design of the reactor 
must not be temperature limited by fuel elements, 
coolant, or structural materials. In so doing they 
also hoped to be rid of the five “curses”[13] of all 
water reactors. They are (1) Corrosion: Very pure 
hot water is much more corrosive than most people 
suspect. (2) Compromise: Structural strength in 
tubes and cladding, etc. must always be balanced 
against nuclear efficiency. (3) Complexity: The fit- 
tings on closely spaced tube ends become compli- 
cated high quality machined parts when all the de- 
sign and service requirements have been met. 
(4) Cost: The cost per pound of components rises 
steeply as their quality and functional requirements 
become defined. Components initially visualized as 
plumbing fittings rapidly develop into accurately ma- 
chined stainless steel parts. (5) Temperature limita- 
tion: These reactors have an inherent low tempera- 
ture limitation which results in a low over-all therm- 
odynamic efficiency. 

Most of the forementioned companies came to the 
conclusion that gas cooling afforded a good way of 


achieving the desired end results. All of their new 
reactor concepts were generally classifiable under 
the heading of high temperature gas-cooled reactors. 
Design differences appeared in reactor configuration, 
fuel elements, material and shape, and exit and entry 
thermodynamic properties of the working fluid 
chosen. 

The British have pioneered in gas cooling for many 
years. In this country General Dynamics is develop- 
ing the MGCR for the Maritime Administration 
which was already mentioned to have a tarvet date 
of 1963-65. The AEC is building a 25 MW(e) gas 
cooled reactor at Oak Ridge based on the joint de- 
sign of ACF Industries and Kaiser Engineering, with 
completion scheduled for late 1962. This reactor has 
been named Experimental Gas Cooled Reactor 
(EGCR). A more advanced reactor than the Kaiser- 
ACF design will be built on the grid of the Phila- 
delphia Electric Co. This reactor will have the title 
of High Temperature Gas-Cooled Reactor (HTGR) 
in the AEC’s family of reactors. The core, to be de- 
signed by General Dynamics, will be helium cooled 
and produce 1450 psi 1000°F steam with an exit 
helium temperature of 1382°F. Philadelphia Electric 
Co. (PE) and 51 other utilities (High Temperature 
Reactor Development Associates Inc.) (HTRDA) 
will pay $24.5 million for the design and construction 
of the plant. The AEC will pay $14.5 million to Gen- 
eral Dynamics in support of the reactor research and 
development work. Completion date is scheduled for 
October 1963. [11, 15, 16] 

In this paper a description of the reactor type 
evolved by Sanderson and Porter and Alco in the 
U.S. will be undertaken. This particular one was 
chosen since Sanderson and Porter have published 
several papers on it. The reactors of the other com- 
panies are expected to differ in fuel element design 
but little literature is available. 


THE PEBBLE BED REACTOR 
Note: all the following sections on the PBR have been adapted from [5,6]. 


For reasons which will become apparent this re- 
actor type besides having the HTGR classification, 
is also called a pebble bed reactor (PBR). The de- 
sign criteria already elaborated practically dictated 
that the reactor core, fuel and moderator be of a 
ceramic material operating at high temperatures 
with a gaseous coolant. Very early the design of the 
reactor system envisaged that the PBR would be an 
ideal reactor to operate with a closed cycle gas tur- 
bine. However, it could easily be used with a steam 
generator and conventional steam turbines. Large 
stationary power plant use will obviously be with 
steam for some time to come. The smaller units 
would lend themselves ideally to marine use with 
the gas turbine. For a small (approximately 10 MW) 
unit the gas turbine affords the known advantages 
of reliability, low maintenance, low operating cost, 
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economy, maneuverability, minimum weight and 
space, and rapid starting. But to heat the gas above 
1200°F so as to operate a gas turbine effectively re- 
quires that the reactor be so hot that occurrence of 
accidental hot spots might melt iron, nickel, zircon- 
ium, beryllium, and other metals now used in re- 
actors. Most designs presented prior to the PBR 
would not permit practical operation of a gas turbine. 


PBR DESCRIPTION 

The reactor is all graphite construction with the 
core elements (small spheres) contained in vertical 
channels and the blanket elements contained in an 
annular ring around the core. The vertical channels 
would in effect be hoppers to contain the spherical 
fuel balls. These balls which can be used from %4” 
to 2” diameter can be made with a standard pelletiz- 
ing machine, to standard engineering tolerances. 
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Based on current prices, it would appear that the 
20 KG critical mass in a 10 MW reactor could be 
filled for less than $10,000 fabrication cost, and con- 
ceivably it could be as little as $1,000. More detailed 
description of the fuel elements follows. Tempera- 
tures can get to 3600°F and higher without ill 
effects. The graphite fuel hoppers would be sup- 
ported on a molybdenum grid with final support 
given by a steel bedplate which would support the 
entire structure including the reactor pressure ves- 
sel. All permanent graphite parts in the reactor 
would be treated with an impervious coating, such 
as a silicon carbide, which would prevent damage 
which might result from a steam leak into the pri- 
mary system during the operation of a steam plant. 

Control rods would be a boron molybdenum al- 
loy. Preliminary calculations for the 125 MW central 
station reactor proposed by Sanderson and Porter in- 
dicate a core size 8.1’ high and 9.0’ in diameter, with 
reactor vessel 21’ by 13’8”. Figure 3 is cutaway 
view of the proposed Sanderson and Porter reactor. 


Coolant Selection 


Coolant gasses studied for possible use were air, 
helium, nitrogen, carbon dioxide, and crude neon. 
Air was eliminated because at the high temperatures 
involved, air would readily oxidize graphite and 
molybdenum. Nitrogen was likewise eliminated since 
it “oxidizes” molybdenum or tungsten at high temp- 
eratures. Above 800°F carbon dioxide reacts chem- 










CORE LOADING 
TUBE (7) 


BLANKET LOADING 
TUBE (7) 


ARLE 


CORE CHANNEL: 
STRUCTURE 


THERMAL 
SHIELD 





BLANKET 

ELEME 

LEMENTS CORE 
ELEMENTS 

REACTOR 

VESSEL 


INLET PIPE (3) 


CO-AXIAL —T 


OUTLET PIPE (3) 


Figure 3 
Sanderson and Porter’s 125 eMW Pebble Bed Reactor 6 


ically with graphite so it too was discarded. Helium 
seems to be the ideal coolant. It is chemically inert 
and its neutron absorption cross section is practically 
zero. The heat transfer characteristics of helium are 
better than the other gasses. Looking ahead to future 
developments helium lends itself to use in the closed 
cycle gas turbine. 

Crude neon is acceptable whenever helium is not 
available. It has a much higher absorption cross 
section than helium and hence reduces the neutron 
economy of the reactor. 


Fuel 


The fuel system of this reactor has been selezted 
with the object of economy of production and proc- 
essing. The PBR system was selected after study of 
a number of configurations of graphite-uranium 
types. The basic advantages this system affords are 
that the ceramic fuel elements are in compression, 
the system can be loaded and unloaded by relatively 
simple fluid handling techniques, and the spherical 
fuel element is amenable to a variety of compositions 
and mass production techniques. 

Studies made to date do not indicate any restric- 
tion with respect to the fuel cycle except that a par- 
tially enriched core is required to achieve a reason- 
able capital cost and fuel investment. PBR fuel sys- 
tems investigated have been U235 burners and U233- 
thorium converters. A U233-thorium breeder and 
U235-plutonium converter are presently under 
study. The U233-thorium system has been questioned 
because of the present state of availability of these 
materials. However, this cycle has the desirable fea- 
ture of permitting the operator to purchase his fuel 
supply, i.e. thorium, on the open market after estab- 
lishing a full U233 loading. Availability of materials 
for the U233-plutonium is better and the system of- 
fers the possibility of the use of natural and/or de- 
pleted uranium as the feed material. Uranium, 
thorium carbides are chosen as the nuclear fuel be- 
cause they can be heated to temperatures above 
360U°F in contact with graphite and helium without 
appreciable reaction, vaporization, or the formation 
of gaseous products. 

Since the structure and the coolant have extremely 
low parasitic capture cross sections, the system has 
good neutron economy. A high conversion ratio can 
be attained and breeding appears possible in certain 
sizes and configurations. 


Fuel Manufacture 


Three methods of manufacture are available for 
fabrication of the fuel elements for this reactor, 
namely impregnation of graphite spheres, admixture 
of fuel in graphite before molding the spheres, and 
lumping the fuel in a small sphere which is then jack- 
eted with graphite during molding. These three 
methods of manufacture are being considered be- 
cause each offers certain specific advantages. For 
example, the impregnated elements are amenable 
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to remote fabrication, the admixture elements will 
be less susceptible to radiation damage, and the 
lumped elements offer the greatest possibility of re- 
taining fission products. A summary of the relative 
advantages of these fuel types is shown qualitative- 
ly in Figure 4. 





Type Impregnated Admixture Lumped 
Retention of fission products.... 3 2 1 
Structural integrity 

under irradiation ............. $ 2 1 
% weight fissile material........ 3 2 1 
Mechanical strength ............ 1 2 1 


Development of 


manufacturing technique ..... 2 1 3 
Economy of manufacture ....... 1 2 3 
Ease of remote fabrication...... 1 2 2 


Figure 4. Relative Advantages of Fuel Element Manufac- 
turing Methods. [5] 


(where 1 indicates most advantageous) 


Impregnation of graphite with uranium has been 
done on a laboratory scale by Argonne National Lab- 
oratory, North American Aviation, and the Los Ala- 
mos Scientific Laboratory. In general the process 
consists of impregnating preheated spheres (150°C) 
in a boiling uranyl nitrate solution, air drying, fol- 
lowed by baking at 275°C to drive off NO., and 
finally baking at about 800°C in a helium atmo- 
sphere. When graphite is impregnated with uranyl 
= in this manner, the uranium is present as 

Fabrication of fuel elements by dispersion of UO. 
grains in a graphite matrix has been done on a lab- 
oratory scale by Battelle Memorial Institute, the Na- 
tional Carbon Company, and by the Great Lakes 
Carbon Company. In general the process is to blend 
UO, particles and graphite flour with a binder and 
mold to size under pressure. After molding, the ball 
is baked to core or in some cases to graphite, the 
binder. In the latter case, the uranium will be in the 
form of UC, rather than UO.. 

The third method of manufacture involves pre- 
shaping the fuel into a bulk form and adding the 
graphite around it. Thus the graphite becomes the 
jacket in the same manner as uranium slugs are 
canned in aluminum or zirconium. This method of 
manufacture has received only limited study to date. 


Fuel Handing 


Fuel handling involves removing all the core 
spheres and a fraction of the blanket spheres at the 
end of each core life. Fuel is loaded through multiple 
loading tubes at the top of the reactor and unloaded 
through a single discharge valve in the bottom. Flow 
is by gravity only. 

A more advanced loading scheme involves the 
daily addition and removal of core material. This 
refueling schedule would allow an effective multipli- 
cation factor of only slightly greater than unity and 
would remove the need for large numbers of control 
rods which would otherwise be required to poison 
out the large initial excess reactivity present. An- 
other advantage of this type of loading would be 
that it would peak axial power distribution near the 
top of the reactor which makes for good heat trans- 
fer since the cold coolant gas enters the core at the 
top of the reactor. 


Fuel Reprocessing 


Basically, reprocessing of this fuel element in- 
volves separating the graphite from the uranium and 
dissolving the latter in nitric acid which can then be 
fed directly to the conventional Thorex extraction 
process. The initial separating of uranium from 
graphite can be effected by incineration of the 
graphite or by crushing the fuel element and leach- 
ing out the soluble uranium oxide. 

If the fuel elements are to be manufactured by 
impregnation, the uranyl nitrate effluent from the 
extraction columns can be used directly as the im- 
pregnating solution. It is contemplated that these 
operations would be carried out on the power station 
site in the case of land plants or at the terminal of 
a marine operator. 

An interesting alternate to the above reprocessing 
scheme is suggested by the results of certain experi- 
ments reported by Atomics International on im- 
pregnated graphite fuel elements. They report that 
heating spent fuel of this type to 2000°C results in 
approximately 85 per cent of the total activity dif- 
fusing out of the element in from 4 to 6 hours. Thus 
it should be possible to reimpregnate and reuse the 
same fuel elements several times or until radiation 
damage to the graphite-matrix makes complete 
chemical separation necessary. Brown-Boveri and 
Krupp expect a lifetime of 10-15 years on the basis 
of their design studies. If this proves to be the case, 
fuel costs will really be slashed. 


POSSIBLE PLANT CONFIGURATIONS 


First Generation Steam [5,6] 


Such a reactor should be started by Brown-Boveri 
and Krupp in Western Germany this year. This is a 
15 MW plant to be completed by 1962 and is to serve 
as a pilot plant for a later 100 MW station. Since Ger- 
many has no helium, crude neon containing 25 per 
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cent helium is being used as a coolant necessitating 
extra fuel enrichment over the helium cooled re- 
actor. Coolant gas will operate within a temperature 
range of 1112-1832°F. Outlet steam conditions from 
the steam generator should be about 1500 psi 1000°F. 
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The designers expect the finished plant to have an 
operating cost about the same as that of a conven- 
tional plant, construction costs will be only slightly 
higher, fuel costs will be lower since a fuel life of 
10-15 years is claimed. This is made possible by the 
fact that the fuel may be reprocessed several times 
without complete chemical separation as previously 


described. 


Both the Kaiser-ACF reactor (EGCR) and the 
Philadelphia Electric-HTRDA reactor (HTGR) al- 
ready mentioned will, of course, be in this category, 
but the design for which most data are available is 
again Sanderson and Porter-Alco Product’s 125 MW 
reactor [5,6]. Its primary system consists of three 
steam generators in parallel. Helium is at a pressure 
of 965 psi and operates in the temperature range of 
550 to 1250°F. 


Each generator is essentially a tube and shell heat 
exchanger 8.5 feet in diameter and 35 feet high in 
which helium flows through the shell side and water 
through the tube side Hot helium enters through a 
16 inch pipe at the bottom of the vessel and flows 
upward through a central 16 inch diameter duct to 
the region above the tube bundle. The helium flow 
then turns downward and flows across the tube 
bundles. The tube bundles are divided into three sec- 
tions: a super-heating section, an evaporating sec- 
tion, and an economizer section. 


Cold helium leaving the economizer section at the 
bottom of the unit turns and flows upward through 
the annulus formed by the pressure vessel wall and 
the thin stainless steel shroud which surrounds the 
tube bundles. Thus, the cold helium serves to keep 
the pressure vessel wall below 650°F and it is esti- 
mated that the maximum temperatures of the fuel 
elements will be 2170°F at the surface and 2440°F 
at the center. 


This reactor has an inherent stability resulting 
from its negative temperature coefficient. The nega- 
tive coefficient thus provides a basis for normal meth- 
ods of power control which are effected by variations 
in the coolant flow. Three centrifugal blowers driven 
by synchronous motors are used for circulating the 
helium with flow control for gross power changes 
effected by either adjustable preswirl vanes or pres- 
sure level variations. 

The 125 eMW PBR is designed to operate on the 
thorium-U235 fuel cycle. It has a conversion ratio 
of 0.863. The core area would contain 228,600 1.5” 
diameter balls. The balls would be 90 per cent 
graphite and 10 per cent fuel-thorium and U233 in 
an 11-1 weight ratio. This corresponds to an 8 per 
cent enrichment. The blanket would contain 296,250 
1.5” balls of half graphite, half thorium oxide. The 
initial loading would have U235 or U233. From 
then on the plant would run on U233 made in the 
reactor and separated in an on-site fuel treatment 
plant. 90.2 Kg of U233 would be required in the 


core. The core would also contain 99.22 Kg of 
Th 232. There would be 11,780 Kg of Th 232 in the 
fuel producing blanket. 

Cost estimates have already been presented and 
they should be reviewed, with some of the reasons 
for reductions now being in mind. 

As experience develops with these plants, any de- 
sired steam pressure and temperature will be possi- 
ble within the limits of the steam generator. The re- 
actor imposes no limitations. 


First Generation: Gas Turbine [14] 

Size of the plant will probably be about 5-10 MW. 
Assuming a cost of approximately $300-$400 per Kw, 
capital costs would be under $4 million. No cost 
figures have yet been published for a plant of this 
type. 

It is considered desirable to include a heat ex- 
changer in the primary circuit of this plant. The un- 
clad fuel elements will allow volatile fission products 
to diffuse through the graphite into the helium 
stream. The quantity of fission products which are 
released will depend on the method of manufacture 
of the fuel element and on the temperature of the 
core. The expected activity in the primary circuit is 
somewhere between that of a PWR and an aqueous 
homogeneous reactor. Whether such an activity level 
can be tolerated from the standpoint of maintenance 
or whether it must be reduced by the use of an im- 
pervious refractory coating on the fuel elements, or 
by the use of activated charcoal traps to remove all 
impurities from the helium is the major question 
contronting designers of this reactor, There are in- 
dications that this has been solved but is being 
closely guarded by the companies involved until is- 
suance of patents. 

For these reasons the first generation plant would 
employ a shell and tube heat exchanger. 

Helium at approximately 225 psi 1350°F enters the 
tubes, leaving at 820°F. The turbine working fluid 
will be air. The air at 400 psi enters the turbine at 
1250°F and leaves at about 750°F. The heat ex- 
changer must be of quality construction since no 
leaks can be tolerated between the reactor-helium 
and turbine-air circuits. Turbine could be either 
closed or open cycle gas turbine but with eyes to- 
ward the future, a closed cycle turbine would be 
suggested. 


Future Developments—Gas Turbine 


The future possibilities of the gas turbine PBR 
appear much more dramatic than the steam turbine 
PBR. The costly heat exchanger may be removed 
reducing cost, weight, and space when the follow- 
ing conditions can be met: (a) a satisfactory level 
of primary radioactive contamination has been 
achieved; (b) turbine leakage has been reduced; 
(c) a helium gas turbine of proper size is available. 

The Swiss have been working on the helium closed 
cycle gas turbine for a number of years. There has 
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been considerable concern expressed over the de- 
sign of helium turbomachinery in the belief that it 
is a new field requiring appreciable research and 
development before such machinery can be con- 
structed. This does not appear to be true. Acceptable 
turbomachinery can be built within the framework 
of our present knowledge. However, it is believed 
that the machinery can be improved somewhat by 
further research in the field of unorthodox blading, 
where Mach number limitation is not a considera- 
tion. [9] 

Helium turbo-machinery built under present air 
design would probably have many more stages than 
would a plant specifically designed to take advan- 
tage of the fact that helium has no practical Mach 
number limitations in its blading design. Centrifugal 
stress limitations would be exceeded far before Mach 
1 in helium was reached. 

Expansion to large installations can come when 
large closed-cycle gas turbines are developed. A 60- 
MW turbine for helium has been designed. There 
appears to be no serious limitation to large sizes. 

On the other hand, there are arguments for mul- 
tiplying the 10-MW units for a single power installa- 
tion. This type of reactor is uniquely favorable for 
use in non-industrialized areas; and it would be 
much easier to transport 10-MW size machinery, 
pressure vessels, and special equipment overland to 
distant places than it would be for 50-100 MW sizes. 
The multiple units permit a good deal of flexibility 
in operation and in shutdown for reloading or re- 
pairs, and they would minimize radioactivity hazards 
in case of accident. They appear to be the best bet 
for use in merchant vessels. 

In long-range planning, the development of a 
molybdenum or tungsten turbine designed to op- 
erate with helium at 3,000 or 4,000°F should be un- 
dertaken. The thermodynamic efficiencies are great- 
er at these temperatures and so it should be possible 
to use smaller, less efficient turbines and allow some 
low-temperature heat to be wasted. These metals 
cannot be used with combustion fuel because they 
will oxidize, but with helium there is a unique op- 
portunity to pioneer in a new high-temperature 
range. 


Advantages of PBR 


We have seen that the Pebble Bed Reactor has a 
number of basic advantages which lead to low pro- 
duction costs when compared to present nuclear 
plant designs. Neither the core structure nor fuel 
and blanket elements require high precision manu- 
facturing methods. The core structure, fuel and 
blanket elements and working fluid are all capable 
of operation at extremely high temperatures and 
therefore are not critical to hot spot and possible 
burn out. The use of helium, an inert gas, as a work- 
ing tluid eliminates the need for costly corrosion re- 
sistant construction materials, or cladding. The use 
of fuel and blanket elements in a form amenable to 
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handling by “fluid handling” techniques, reduces the 
costs associated with loading and unloading mech- 
anisms. Power can be produced in conventional mod- 
ern steam and gas turbine generating equipment. Re- 
processing and fabrication of fuel units is simple and 
inexpensive. Neutron economy is excellent since ab- 
sorption is low in coolant, moderator, and fuel units. 
Since the fuel units are not canned there is no can- 
ning metal to absorb neutrons. The high neutron 
economy allows reduction in fuel enrichment and 
cost, or gives better opportunity for conversion and 
breeding. There is no danger of explosion as in the 
water reactors, since there is no way to produce 
gasses by either overheating or chemical action. This 
may be particularly important with regard to in- 
surance costs. 


Disadvantages and Problems of PBR 


The major disadvantage or problem, until elimi- 
nated, is the presence of radioactivity in the primary 
circuit. Another disadvantage is the fact that the 
automatic control in water reactors due to a density 
change in the coolant-moderator is not present in the 
PBR. A heavier responsibility will be placed on con- 
trol mechanisms and variations in coolant flow. The 
isolation heat exchanger or the steam generator must 
be free of leaks to prevent contamination of the tur- 
bine. Leakage of helium at high temperatures must 
be thoroughly investigated. 


Other areas requiring investigation in order to im- 
prove efficiency are fuel element stability under re- 
actor operating conditions, heat transfer experi- 
ments, and the mechanics of ball manipulation. 
Major work is required in fission product technology 
to determine quantity and species of fission products 
released from the fuel elements, the nature of their 
deposition in the primary circuit, methods for their 
continuous removal, and methods of decontaminat- 
ing and maintaining the primary circuit equipment. 


CONCLUSIONS 


We have seen that the PBR represents at least one 
solution to the problem of providing economical, ef- 
ficient nuclear energy. Just how far it can go toward 
realizing the potential painted for it will probably 
remain unanswered until some of the pioneering 
plants now being started are completed and com- 
mence operations, which will be 1962 at the earliest. 
The best way of dealing with the activity in the pri- 
mary circuit will not be resolved until experiments 
can be conducted in an operating plant. As soon as 
this major problem has been eliminated, the closed 
cycle gas turbine operating directly in the primary 
circuit will be practical. Until then PBR-gas tur- 
bines will require an isolating heat-exchanger. 

PBR-steam plants will be the first to appear since 
they will be most important in land applications. 
PBR-steam plants will probably appear first in 
marine applications as well. 








ice 
nis 
in- 


ni- 
ry 
he 
ity 
he 


n- 


ist 
r- 
ist 


re- 
ri- 
Qn. 
Sy 
ots 
pir 
pir 
at- 
nt. 


ne 
of- 
rd 
ly 
ng 


st. 
ri- 
its 


ed 
ry 
ir- 


ce 
1S. 








BOSNAK 





PEBBLE BED REACTOR 





At this time it appears that the first gas cooled re- 
actor-gas turbine plant will come as a result of the 
selection of General Dynamics by the AEC to de- 
velop the Maritime Gas Cooled Reactor (MGCR). 
The plant has to be a gas cooled reactor with closed 
cycle gas turbine and is to be completed by about 
1965. This closed-cycle, gas cooled, nuclear marine 
plant represents the second stage of a joint AEC- 
MA program to achieve an economical merchant 
ship. The first stage is the NS Savannah. 

In the final analysis, the attractiveness of any nu- 
clear reactor system is reflected in its production and 
operating costs, since all the advantages and disad- 
vantages of a particular system can be expressed in 
terms of these costs. This is the thing that most in- 
terests the prospective buyer. All that really can be 
said on this point in favor of the PBR has been 
brought out in the cost tables early in the paper. 
These figures merely represent the results of design 
studies. Final judgment will await the figures sub- 
mitted by an operating plant. At this point all we 
can say is that the Pebble Bed Reactor holds the 
greatest promise and potential for achieving eco- 
nomical nuclear power. 
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SHIP REPLICAS 


The news that a replica of the Bounty is being built in Nova Scotia 
makes it seem that there is a fairly steady demand for replica vessels. This 
demand is mainly in connection with public celebrations and the making 
of films. Sometimes it is thought good enough to get hold of some old 
craft and then to alter the above-water part so that it takes on the gen- 
eral appearance of the desired vessel. The new Bounty is, however, to 
be what might be called an authentic replica in that she is being built in 
more or less the same fashion as the original. In this respect, she will be 
like the Mayflower replica, which sailed across the Atlantic in 1957 and is 
now preserved in the U. S. The fact that the Mayflower made this pas- 
sage took attention away from the American-built replicas of the James- 
town ships which were constructed at about the same time. The Susan 
Constant, Godspeed, and Discovery reached Jamestown in Virginia in 
1607, and the replicas were built 350 years later. The replicas did not 
make any long passages, but they were all tried out under sail and per- 
formed quite satisfactorily. A point worth noting is the small size of the 
Discovery. She was called a pinesse, and was 30 feet long on the keel 
and 39 feet between perpendiculars. No one is quite sure how this tiny 
vessel kept in touch with the other two when they were at sea making the 
pane in 1607, the more so as it is believed that they had to weather a 


urricane. 


—Shipbuilding and Shipping Record, July 28, 1960 
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Revolutionary RCA Magnetic Video Tape Recorder to 
Speed Navigation Training of Submariners 


Aboard the nuclear submarine Sea Dragon, the first 
undersea magnetic video tape recorder will record 
and store data on under-the-ice characteristics from 
externally installed TV cameras. Upon return to 
base the recorded information will be displayed for 
the benefit of undersea service trainees. 


The RCA undersea recorder is a marvel of compact 
design (dimensions 20” x 20” x 100”). It nestles in 
a torpedo rack, and represents a 60% space reduc- 


tion over existing video tape equipment. 


Among the exclusive RCA developments are: the 
now famous “Tiros” satellite recorder ; a radar sys- 
tem designed to take the first pictures of a nose cone 
re-entry vehicle; a unique tape cartridge completely 
adaptable to any size recorder. For literature de- 
scribing new RCA defense and commercial products 
developments, write Defense Electronic Products, 
Radio Corporation of America, Camden, N. J. 


Out of today’s defense needs.,.tomorrow's electronic advances 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
® 
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cts RODUCTIVE WORK, the world over, is valued by tions and raw material prices. The base is a productiv- 

ts, three criteria: quality, timeliness and cost. While ity reference and, in this case, it is a performance 
these factors are necessarily interrelated, modern standard, specified in terms of manhours of work to 
competitive practice emphasizes the last of the three accomplish particular units of production. 

ces by insisting on a minimum. This necessitates an at- The performance standard is a bench mark against 





tack on cost, independent of the other judgment fac- 
tors. However, before this attack can be conducted 
on a rational basis, a base reference must be estab- 
lished. This reference must be expressed in units 
which will not be affected by factors which are beyond 
the direct control of management, e.g., wage fluctua- 


which increases or decreases in productivity (per 
manhour of work) can be measured. It is as simple 
as this—to ask ourselves what should we expect to 
produce for a manhour of work. This concept of 
measurement is an integral part of our way of life. 
We find it applied daily in such atmospheres as the 
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grocery store with weights and measures marked on 
all commodities. If we reflect for a moment on the 
confusion that would reign if the contents of each 
quart and the weight of each pound were subject to 
the fancy of the individual grocer, it becomes ap- 
parent that the situation, wherein each of several 
hundred production supervisors decides what con- 
stitutes a day’s work, leaves much to be desired. As 
in the case of the units of weights and measures, the 
units of productivity must be standardized. However, 
in the case of ship construction and repair activities 
the situation is complicated in that the units of pro- 
duction are not easily defined. The degree of diffi- 
culty, however, does not void the need for, or the 
value of performance standards as a basis for control 
of productive work. 

Because of the need for cost control and a con- 
viction of the potential value of cost control, the 
Naval Shipyards are embarked on an extensive pro- 
gram of developing performance standards in the 
most difficult of all industrial operations, i.e., job shop 
type of fabrication and repair. At the outset, the 
standards program had few backers. Most intimates 
were convinced that performance standards were un- 
attainable for job shop type operations. However, 
after a few years of experience in this field, the 
writers are convinced that while the task has not been 
easy, it has been conclusively demonstrated at the 
Boston Naval Shipyard that job shop operations can 
be reduced to the “unit of production” definition. 
Therefore, these operations are susceptible to mea- 
surement in terms of performance standards. These 
standards vary from the classic mass production in- 
dustrial engineering concept, only to the degree 
necessary for short run and non-repetitive type work. 

At this point it should be stated that the greatest 
benefits which can be gained from performance stand- 
ards are in the area of management. 

The hardest look should be given to the provisions 
that are made by management to supply the pro- 
ductive worker with the where-with-all to produce, 
rather than the productive workers’ pace or desire 
to produce. Men, material and plans must be sched- 
uled and coordinated, methods must be improved, 
and positive leadership must be provided by super- 
vision to gain the most effective utilization of man- 
power. 

The goal of management is the control of productive 
work, and its costs, by means of standards developed 
through a dynamic program of work study and mea- 
surement. To be effective the program must produce 
standards that are not only practicable for continuous 
and economical daily use, but of sufficient flexibility 
to assure that improvements in scope and quality are 
incorporated as they are made. 


IDENTIFY AND DEFINE MEASURABLE UNITS OF 
PRODUCTION 
Before you can control you must first establish 
the means of measurement against which the control 
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can be applied. The manhour is, in the truest sense, 
a unit of cost not subject to variations in wages and 
for this reason it is chosen as the yardstick for 
measurement. However, if the yardstick is to be 
meaningful as a measure of productivity, it must be 
related to specific, definable units of production. The 
first step in the measurement process is to identify 
and catalogue the units of production that are to be 
measured. 

Ship repair work is largely non-repetitive in the 
sense that the specific operations to perform the same 
type of repair are seldom the same. Even that equip- 
ment which is most frequently repaired is seldom 
found in the same condition, or removed and re-in- 
stalled under the same set of circumstances. After 
careful scrutiny of this situation, however, one prime 
fact emerges. In each trade there are basic elements 
or operations which, when put together in varying 
combinations and sequences, make up any job per- 
formed. For example, in the Pipe Shop there are cer- 
tain things that are done to a piece of pipe. It can 
be cut, threaded, bent, welded, soldered, flanged. 
When the operations are further classified according 
to the size, thickness, material, and service of the 
pipe, they become measurable units of production 
which can be clearly identified and evaluated. When 
these units are put together with the sixty or seventy 
other operations performed in the Pipe Shop, they 
form the building blocks with which any job under- 
taken can be constructed and measured. In the Weld- 
ing Shop the units are feet of weld classified by size, 
type, material and position. In the Boiler Shop the 
units become boiler tubes and refractory materials. 
In short, for each shop it is possible to identify basic 
units of production which can be evaluated and de- 
veloped into tables of standard estimating data. 


ESTABLISH TIME VALUES FOR PRODUCTION UNITS 


The next step is to determine the measurement, or 
time value, for each unit. To gain this objective, sev- 
eral approaches may be used. For example, time val- 
ues can be determined in terms of manhours by a 
satisfactory evaluation of cost records. This approach 
is limited by the fact that in many cases the jobs are 
not issued in such a way that the cost of the defined 
units can be clearly identified. In such cases the his- 
torical data must be supplemented by supervisory 
judgment and opinion, or by other factors such as 
machine cycle time, feed, speed, etc. In each case the 
manhour value set for each unit of production is 
certified by the senior shop supervisor as being a 
valid standard of work measurement. In the initial 
attempt, an effort should be made to exclude obvious 
instances of avoidable delay. The standards thus de- 
veloped may be designated as “authoritarian” stand- 
ards, and can be arranged systematically in standard 
data tables for each shop. Table I is an example of 
such an arrangement. 
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ae | | standard No. 41001 | ps Sheet 1 of 1 
Tubes, Generating—1” Diameter e Rev. Original Dated 30 Jan. 1958 
a 
Shipwork Shopwork Shipwork 

2 F ce | e : = 5 
g a & | aa | Ox = 3 5 s & | a2 | #8 | gaal| & ae a | do 

1 | .050 042 100 .037 025 400 033 025 .033 150 100 .083 117 117 .008 .040 
100 5.0 4.2 10.0 3.7 2.5 40.0 | 3.33 2.5 3.3 15.0 10.0 8.3 ph 11.7 0.8 40 
200 | 10.0 8.3 20.0 7.3 5.0 80.0 6.7 5.0 6.7 30.0 20.0 16.7 23.3 23.3 y Eh 8.0 
300 | 15.0 12.5 | 30.0 11.0 75 120. 10.0 7.5 10.0 45.0 30.0 25.0 35.0 35.0 2.5 12.0 
400 | 20.0 16.7 | 40.0 14.7 10.0 160. 13.3 10.0 13.3 60.0 40.0 33.3 46.7 46.7 3.3 16.0 
500 | 25.0 20.9 | 50.0 18.4 12.5 || 200. 16.7 12.5 16.7 75.0 50.0 41.7 58.4 58.4 42 20.0 
600 | 30.0 25.0 | 60.0 | 22.0 | 15.0 240. 20.0 15.0 20.0 90.0 60.0 50.0 70.0 70.0 5.0 24.0 
700 | 35.0 29.2 70.0 25.7 17.5 250. 23.3 17.5 23.3 105. 70.0 58.3 81.7 81.7 58 28.0 
800 | 40.0 33.4 80.0 | 29.4 | 20.0 320. 26.6 20.0 26.6 120. 80. 66.6 93.4 93.4 6.6 32.0 
900 | 45.0 37.5 90.0 33.0 22.5 360. 30.0 22.5 30.0 135. 90.0 75.0 105. 105. 75 36.0 
1000 | 50.0 | 41.7 | 100. | 36.7 | 25.0 || 400. | 333 | 25.0 | 333 | 150. | 100. | 833 | 116. | 116. | 83 | 400 
1100 | 550 | 459 | 110. | 404 | 27.5 | 440. | 366 | 275 | 366 | 165. | 110. | 916 | 128. | 128. | 91 | 440 
1200 | 60.0 50.0 120. 44.0 30.0 480. 40.0 30.0 40.0 186. 120. 100. 140. 140. 10.0 48.0 
1300 | 65.0 54.2 130. 47.7 32.5 520. 43.3 32.5 43.3 195. 130. 108. 151. 151. 10.8 52.0 
NOTE: a. For 50 tubes or less add 8 hrs. to shopwork, to shipwork removals, and to shipwork installation to.cover set up and break- 

b. jon Rg pBeawncny Rare eee pony of three (3) bends per tube. 








TABLE I. An example of Standards of Standard Data Scope and Authoritarian Quality 


STANDARDIZE TERMINOLOGY FOR SCOPE AND QUALITY 
CONCEPTS 

It is recognized that even though the work is tech- 
nically non-repetitive, patterns of similarity exist in 
varying degrees, and accordingly standards can be 
developed having wide ranges in work scope. In such 
a circumstance, standardized terminology should be 
adopted. The following definitions are recommended: 


A. Job Order Standard: A standard time for accomplish- 
ing all items of work instruction which are included in a 
total job order. A job order is authorization to accomplish 
an item of work (usually involving several shops) with a 
brief description of type and scope of work. A job order 
may define work as simple as repairing a cracked seam, 
or as complex as a major electronic installation. 

B. Job Standard: A standard time for accomplishing all 
items of work instruction for any one shop which are in- 
cluded in a total job order. The terms Job Standard and 
Job Order Standard are synonymous for a one shop job 
order. 

C. Operation Standard: A standard time for accomplish- 
ing one item of work instruction for a particular shop. 

D. Standard Data: A standard time for accomplishing a 
basic production unit. (The Building Blocks) See Table I. 


The standards that are developed may vary widely 
in quality according to the methods by which the 
time values are derived. 


Quality will improve as the program progresses, 
and the methods for deriving time values become 
more precise. Therefore, it is essential that quality 
characteristics be defined. This is accomplished by 
the establishment of four levels of quality, as follows: 

1. Authoritarian: A time value for a work item of any 
scope based on the consensus of management opinion, and 
for which avoidable delay time has been removed by au- 
thoritarian means. See Table I. 

2. Statistical: A time value for a work item of any scope 
that has been verified by return costs. (Authoritarian Stand- 
ards that have been verified by returns costs.) 

3. Modified Engineered: A time value for a work item of 
any scope of statistical quality that has been refined by the 
removal of avoidable delay time and adjusted for pace. 
Avoidable delay time can be determined by use of accepted 
work sampling procedures. (See Table V) 

4. Engineered: A time for a work item of any scope 
which is obtained by actual on-the-job observations of work 
being performed. This observation or time study is made 
after a careful definition of the scope of the work and a 
determination of the best way to perform the work. It 
includes pace rating the mechanic while performing the 
work. 


COLLECT RETURN COST DATA 


In the Boston Naval Shipyard initial efforts were 
concentrated on developing, in each shop, a maximum 
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number of performance standards of standard data 
scope and authoritarian quality. 

It is a simple matter to collect return cost data 
under a two card timekeeping system. This system 
uses an electric accounting machine (EAM) time 
card clocked for attendance recording, and another 
which is marksensed for labor costing. All that is 
necessary to accumulate cost data on standards by 
scope and quality is to code the cost card in an ap- 
propriate manner when the labor charge is lodged. 
For this purpose the letters A through D represent 
the scope (from Job Order Standard to Standard 
Data, respectively) and the numbers 1 through 4 
represent the quality (from Authoritarian to Full 
Engineered, respectively) . By the addition of another 
simple code, standards may be grouped according 
to similar types of work. 

In the process of collecting labor charges an EAM 
run is prepared, showing the following data for each 
shop: 

1. Total manhours worked in each shop. 

2. Total manhours worked under standard esti- 
mates, grouped by type of work, by scope, and by 
quality classifications. 

3. Total standard estimated manhours for work 
accomplished under standard estimates, grouped 
by type of work, by scope, and by quality classifi- 
cations. 


DEVELOP STATISTICAL STANDARDS FROM RETURN COST 
DATA 

Based on weekly EAM runs, each shop is eval- 
uated with respect to the proportion of its work being 
carried out with standard estimates as a performance 
criteria. Further inspection of the data reveals the 
average expenditure related to the standard estimate 
to complete the same work (standard hours vs actual 
manhours worked). 

As return costs of jobs in the category of standard 
data scope and authoritarian quality are compared 
with the standard hours, expenditure trends can be 
determined. Over a period of time these trends de- 
velop definite patterns by shop. For example, in one 
shop over a period of three months the actual hours 
worked are consistently 95 percent of the standard 
hours, and in another shop the expenditures are 127 
percent of the standard hours. Table II represents an 
eight month accumulation of expenditure pattern for 
one shop. Once this relationship has been established 
for a shop, the amount by which its authoritarian 
standards must be adjusted in order to make them 
into statistical standards is known. For example, in 
a shop where the expenditures equal 95 percent of 
the estimate, a job whose time value was established 
at 100 manhours by the initial authoritarian stand- 
ards now becomes 95 manhours statistically. In actual 
practice this step need not be taken. The data, how- 
ever, can be used as part of the conversion from 
authoritarian standards directly to modified engi- 
neered standards. By definition, a modified engi- 
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HISTORICAL EXPENDITURE PATTERN 
BOILER SHOP 
2 Week Period ae Actual i ng F< — 
Ending (Authoritarian) | Expenditures Estimate 
| __ 12/5/58 1100 1078 98 
| 12/19/58 1194 1206 101 
| 1/2/59 2685 2901 108 
1/16/59 624 668 107 
1/30/59 2882 2767 96 
| __2/13/59 3886 4119 106 
| 2/27/59 3564 3350 94 
| 3/13/59 2125 2380 112 
| 3/27/59 | 2383 2645 111 
4/10/59 | 2088 27 | ito 
| 4/24/59 | 2670 2304 =| 105 
| 5/1/59 2737 2710 99 
|___5/15/59 2688 2634 98 
| 5/29/59 3210 3595 112 
6/13/59 1824 2008 110 
6/26/59 2156 2176 101 
| TOTAL 37816 39338 104 
Expenditure Pattern (8 Mos.) 104% . 








TABLE II—Example of an Eight Month 
Expenditure Pattern for One Shop 


neered standard is a time value of statistical quality 
which has been refined by the removal of avoidable 
delay time—and adjusted for pace and personal 
allowance. 


GENERATE MODIFIED ENGINEERED STANDARDS THROUGH 
WORK SAMPLING 

A few years ago the determination of productive 
time and avoidable delay time would have been a 
stupendous task involving the constant observation 
of thousands of workers. Fortunately, today we have 
a simple and inexpensive device known as work 
sampling. By this means, observations taken on a 
random basis produce results which approach, within 
acceptable limits, the accuracy obtainable by direct 
observations. When the productive percentage, as 
derived by work sampling, is applied to a statistical 
time value, the product is the amount of time which 
would be required if the total eight hour day were 
devoted to work. Table III is an example of a work 
sample summary showing the several categories of 
work activity and the productive percentage used in 
converting to modified engineered standards. 

The application of pace rating to a standard of this 
type (not directly observed) can be very complex. 
However, pace rating studies of day workers con- 
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: sa a Sea Peas! ees 
| Productive Productive Delay Personal Non Productive Delay 
| 
| ve Q wey : 4 
5 g a g 2 g ¢ Ps 
¢ 5 BR ee Nase g g 6 
2 » o| > z © S| ule 2|/ ¢| 3 
o - wn o 3 be ro) (7) r= o 
| | elo | 2 E| ¥| 3| 3 5 3 gisif |? tl edt 
| | gle) zlal 4 4] 4] el ale| 2 : a) Fl algleli 
eo) #/% | 8] >] ol el] s| eB] &] 8 3 Bi) gi} s/s); "| 2) 4) a] 5 
& g ng 7 o =| s a ra 2, S £ - u| & a E o 
| = 3 | 3 sis] 8| Bi & ee 3 let BlZitelse 42\| ¢@i\9/ 8) 3 
| #3 S 2e1'2/18/ 8] £1 F] $1 =| 1s] B] sisi 3 si8i/2i3 | 3\ eel gis 
i: 2 5 a | an aire ot ll er o1T @ tS o} em < Be | als a u| se 
| 8 we | se] se wey] Wy Wy] Se] se] s s Wl wel] we] ey] Wy] wpe | ey] ey] ey ey] se 
| Da 
| 4-27 53 9 aie Se eee ee ee eee Re ere Re eee Pa ees Pee eee et Mere 
| 4-28 Sig i tial - RESTS? SPL yi 9 rs eee oe Ve ee 
| 4-29 oe) rio) wten!| $1 —) ~~) ot eS ee et ste 2/16| - 
SE : 
| 4-30 69 9/1/-|-| 2/-|-|-|-|-|- Te ie 8 eS ee eg ee ee ee ee ee 
| 5-1 ei si-f-=-{-}-f-]-] =] -] -[= 1 @h ed -]-b-te P-te tet 
ede Sieur iat Phe = 
5-5 a |} 2/]3|3{ 3|/-|{-|1]-| 5] 14] 6} 1] -| 5}]2|-| 3] 3]-]|2|{ - 
5-6 -| 47 [/15/4|-|[5 | 5|/-|-]|1]-]| 2] 3] 0] 2] -| -|2/-|2] 2]-|2] - 
5-7 45 | 7 | 2 sere eg Feo So Le Pa ae ea eee eS ee eee 
| 5-8 einmieili-i38i]¢12 =] 38.4.2 1 8 1 B41 6 LA 1 1 Lake Lee 
5-10 ein!) bebetape tf 14 - | & | -etlepetes betel etal papas ace 
i Se oe SEAT eh Phe aTe OCS | ws - 
| 5-11 Be th Oe 22 Be ie eee Bae Se SY =f =] Fes eee eee ee 
sn ce Bonde OR ES = Ba! Reed Boe! 
No. Of | | | 
Obsvn | 753 |158 | 27 |15 | 34 | 47| 9 |13 | 22 | 11 | 23 | 24 | 158 | 52 | 33 | 10| 7|1/ 8 | 31| 4 |17 | 34 |1498 
% Of | | 
Total _ so | 9 SRESS RSIS ESSERE EA ES SRI Aree EIN RS eae 
% Of 
Total |<——__——- 67% —_——_>|<— 9% ->|<—— 11% —>|<—_—_—_—__ 7% —______ > 
Productive Percentage 
|< 76% spaspnsiens sais: <!' 














Tasie [1I—Work Sampling Summary Shop 41 Waterfront 4-27-59 thru 5-11-59 


An Example of a Work Sample Summary showing Productive Percentage (Rounded to nearest whole 
percentage ) 


ducted by Dr. Marvin E. Mundel, and other eminent 
authorities in the field of industrial engineering, pro- 
vide data which indicate that the average day worker 
works at a pace of 65 percent. Further analysis by 
Dr. Mundel and the Bureau of Ships resulted in a 
pace selection of 75 percent as the average for pro- 
duction workers in shipyards. Applying this percent- 
age to the previous product of statistical time and 
work sampling productive time, the result is the 
length of time required by a man working 100 per- 
cent of the time at 100 percent pace. Obviously, such 
a condition is impossible. Provisions must be made 
for the time required by the mechanic for personal 
needs. Studies in this shipyard indicate that person- 
al time allowances of 9 percent in the shops and 14 
percent on board ship are reasonable. Accordingly, 
the amount of time represented by these percent- 
ages is added to each pure productive standard 
time. The final product is a modified engineered 


TaBLE I[V—An Example of the Calculation for Con- 
version of Authoritarian Standards to Modified 
Engineered Standards 


Modified Engineered Standard = A x E x W x §S x (1+ P) 

A= Authoritarian Time Value (Fig. I) 

E= Expenditure Pattern in Percent (Fig. II) 

W= Productive Percentage taken from Work Sampling 
(Fig. II) 

S= Pace Average for Shipyard = 75% 

P=Personal Time Allowance (9% shopwork, 14% shipwork) 

M.E. Std (Fig. V) = 100 x 1.04 x .76 x .75‘x 114 = 68 


standard. This is a synthesized full engineered 
standard with all factors considered except method 
study. Table IV shows a sample calculation for a 
conversion from an authoritarian to a modified en- 
gineered standard. Table V is the resulting modi- 
fied engineered standard derived from the authori- 
tarian standard shown in Table I. 
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APPLICATION OF WORK SAMPLING TO NAVAL SHIPYARD 70,000 to 100,000 observations can be made. Times 
SITUATIONS of observations are determined by random time 
Since work sampling, or ratio delay, as it was tables, and the data is processed by electric account- a 
originally called, is a fairly recent innovation in the ing machines. Table III shows one of the completed ams 
field of work measurement, it is worthwhile to set work sample sheets. Table VI shows a shipyard-wide a1 1 
forth a brief description of the process. Basically, it comparison summary from recent studies at Boston /-—— 
is similar to the random sampling theory used in Naval Shipyard. The detailed procedure used in the 02 1 
quality control. The process consists of selecting a conduct of this study is as follows: 03 § 
predetermined number of samples at random from 1. Studies are made at the Leadingman gang aj 
a large group, and on the basis of their analysis, pre- level, selected at random. —_ 
dicting the composition of the whole group. The first 2. Each gang is studied for five days. 05 § 
step in work sampling is to determine the objectives 3. Each observer is assigned to observe in a shop 06 1 
and select the categories for observation. For ex- other than his own. _— 
ample, in the Boston Naval Shipyard work sampling 4. All observations are recorded on electric ac- 08 1 
studies, the goal is to ascertain the following: what counting machine (EAM) cards. Each observer is - 
constitutes a working day in the various shipyard furnished with a supply of cards containing the | © 
areas; what part of total time is productive; what following pre-punched information: study num- 10 ¢ 
are the types and magnitudes of delay; how much ber, area code, shop number, trade, observer’s code, ut 
personal time is being taken, etc. To accomplish this, shift code, and leadingman code. a 
approximately 25 categories have been selected. 5. For each observation taken, the observer is 12 ( 
These are grouped into four major areas, Productive required to marksense the following information: 13 | 
Time, Personal Time, and Productive Delay Time, half hour period of the day and work sample cate- 1 
and Non-Productive Delay Time. Large scale work gory. 
sampling studies can be conducted twice a year. Dur- 6. The following machine tabulations of data are To 
ing these surveys, each of three weeks duration, provided for analysis: daily report of observations —-- 
21 | 
EX 
: Standard No. 41001 | D3_ | Sheet 1 of 1 ade 
3 
Tubes, Generating—1” Diameter E Rev. A Date 3 Nov. 1958 %o « 
App’d. | | _— 
Shipwork Shopwork Shipwork 31 | 
2 ele & 5 32° 
3 as 2 a °o re} re) = 2 — 
& | $4.| 83 z z * = = $3 | auf cag = g = 28 33 | 
3 | 2|2 | ea3|é2|2]2 |8 | | 2 | 82 | 33s | d8a| 9 | € | 2 | a8 
cores « 
a 034 03 07 025 017 28 .023 017 023 100 07 06 08 08 | .006 03 | 35. 
100 < 3.4 3.0 6.8 2.5 17 27.2 2.3 1.7 2.3 10.2 6.8 5.6 8.0 8.0 B 2.7 36 | 
200 — 6.8 5.6 13.6 5.0 3.4 56.0 4.7 3.5 4.7 20.4 13.6 11.4 15.8 15.8 11 5.4 37 
300 10.2 8.5 20.4 7.5 5.1 84.0 7.0 5.2 7.0 30.6 20.4 17.0 23.8 23.8 1.7 8.2 38 | 
400 13.6 11.4 27.2 10.0 6.8 112. 9.3 7.0 9.3 40.8 27.2 22.7 31.7 31.7 2.2 10.9 39 | 
500 17.0 14.2 34.0 12.5 8.5 140. 11.7 8.7 11.7 51.0 34.0 28.4 39.7 39.7 29 13.6 ans 
600 20.4 17.0 40.8 15.0 10.2 168. 14.0 10.5 14.0 61.2 40.8 34.0 47.6 47.6 3.4 16.3 9% 
‘pees ‘Oo 
700 23.8 20.0 47.6 17.5 12.0 | 196. 16.3 12.2 16.3 71.4 47.6 39.6 55.6 55.6 3.9 19.0 | 
g00 | 272 | 227 | 544 | 200 | 136 | 204. | 186 | 140 | 186 | 816 | 544 | 453 | 635 | 635 | 45 | 218 | Tat 
Bi Remco Bahl Bon 
900 | 30.6 25.5 61.2 22.5 15.3 252. 21.0 15.7 21.0 91.8 61.2 51.0 714 714 5.1 24.5 | 
eeciladet <> 
1000 34.0 28.4 68.0 25.0 17.0 280. 23.3 17.5 23.3 102.0 68.0 56.6 78.9 78.9 5.6 Bla: | 
1100 37.4 31.2 748 27.5 | 18.7 308. 25.6 19.2 25.6 112.2 74.8 62.3 87. 87. 6.2 29.9 | 
1200 | 40.8 34.0 81.6 30.0 20.4 336. 28.0 21.0 28.0 122.4 81.6 68. 95.2 95.2 6.8 32.6 | 
1300 | 44.2 37.0 88.4 32.5 22.1 364. 30.3 22.7 30.3 | 132.6 88.4 73.4 | 102.7 | 102.7 7.3 35.4 t 
l 
INSTRUCTIONS 
1. For 50 tubes or less add 5 hrs. to shopwork, to shipwork removals, and to shipwork installation to cover set up and breakdown 
time because only a few tubes are involved. 
2. Bending operation based on an average of three (3) bends per tube. 











TasL—E V—An Example of Standard of Standard Data Scope and Modified Engineering Quality. ; 
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Production Dept. Work Sampling Summary 
Combined Shop Work and Waterfront (Weighted) 














































































































































































































| caregony = 7’! =. 
01 Working 48.7| A 51.7 | A |+3.0 
02 Productive Talk 68 | 74 +06 | © 
03 Study Plans 1.6 | 67.1 | 1.8) 71.5 |+0.2 | +44 3 
04 Move Equipment 15 | 1.3 | —0.2 3 
05 Study Job 14 | 18) +0.4 & 
06 Process Time 71) y | 75| y |+04| vy 
08 Request Assist 02| A 03 | A [+01] A 
09 Weather 0.2 0.2 | 
10 Get Material 4.0 | 4.4 +0.4 2 
11 Get Plans 02) 7.0 | 0.2 | T2 +01 A 
12 Get Tools 17 | 1.4] —0.3 E 
13 Group Interference _0.7 | 0.4] | —0.3 : 
14 Miscellaneous | 0.2 | |+0.2, Ay 
% of TOTAL 741| > |786| ¥ |+45| + 
| 21 Personal 121| 4 [asa] 4 |+10| 4 
22 Idle 4.2 18.6| 2.9) 17.1 |—13) —1.5 
23 Administrative 23| | [aa| | [12 | FE 
a 
% of TOTAL 186] ¥ [i71} y |-15| y § 
| 31 Material 0.2) 4 | 0.3 | A |+01| 4 
32 Tools or Equipment 0.1 | 0.2 | +0.1 
| 33 Plans or ICs isa 
| 34 Job Assignment 46 | 1.9 | —2.7 & 
| 35 Assist Trade 12| | | 07, —05 - 
| 36 Supervisor 0.1| 7.3) 02! 43 |+01 | —3 ¢ 
37 Trade Interference 0.4 | 0.4) 8 
38 Ships Force Interfer. 0.3 | 02| —01 . 
| 39 Equip. Breakdown | 0.2 +0.2 Zz 
40 Ship Movement 0.4 | 0.2 | —0.2 
| % of TOTAL 73|y~ 143) yY |-—30] vy 



































Taste VI—Work Sampling Comparison 1958 Vs. 1959 


by area and category, summary report of observa- 

tions by shop, area, and category, summary runs by 

half hour period of the day and summary runs by 

shop, area and category. 

The operating details enumerated are in use at 
the Boston Naval Shipyard and are recommended for 
use in sampling productive workers. 


DEVELOP SHORT RANGE GOALS—SHOP BUDGETS 
The basic tools for control of productive work and 
productive costs are standards of the several qual- 
ities and scope aided by the work sampling device. 


The expenditure of considerable effort in the accum- 
ulation of these tools is not sufficient; they must be 
used effectively. It is obvious that any work standard, 
providing it remains fixed, can serve as a valid 
measure of improved productivity. However, if the 
standard is of authoritarian or statistical quality, it 
is equally obvious that it will provide little or no in- 
centive toward increasing productivity. On the other 
hand, the modified engineered standard which is 
about 25-35 percent lower provides an adequate, if 
distant, goal for increasing productivity. Experience 
indicates that large industrial operations are slow to 
change and that the attainment of a 25 percent im- 
provement in productivity cannot be made overnight. 
The action that is necessary to accomplish a pro- 
ductivity gain of this magnitude is largely in the 
hands of management and includes as most important 
steps, the elimination of delay time and the reduction 
in situations which generate delay time by improve- 
ments in work assignments and work planning. Sig- 
nificant in this category are waiting (for tools, assist 
trades, supervisor’s instructions, material and plans) 
and interference (by other trades, ship’s force and 
ship movements). These delays are indicated in 
Tables III and VI as Productive Delay and Non- 
Productive Delay. Elimination of these conditions 
must be undertaken by management action in posi- 
tive and progressively improving steps. To provide a 
guide for the improvement of productivity in quickly 
attainable steps, it is necessary to devise an inter- 
mediate goal which is itself quickly attainable. This 
goal may take the form of a shop work budget which 
bears a specific relationship to the modified engi- 
neered standard estimates for work. 

Figure 1 shows the relationship among the several 
qualities of standards and a shop work budget. The 
factor used to compute the shop work budget should 
be agreed upon by management as being attainable 
within the immediate future, and it should be the 
subject of renegotiation about twice a year. The mod- 
ified engineered standard estimates remain the long 
range productivity goal, while the shop work budget 
is the short range goal. 

The computation of a shop work budget is easily 
computerized by storing the shop budget factors in 
the computer. The standard estimates are coded for 
scope and quality and submitted on EAM cards as 
previously described. The computer then determines 
the budget for each estimate, based on individual 
shop factors, and summarizes for each project. It is 
desirable to operate a shop work budget with respect 
to individual projects so that performance can be 
evaluated periodically as the projects complete. With 
this in mind, the Boston Naval Shipyard operates its 
shop work budget on the basis of customer orders, 
consisting primarily of ship overhauls. Using the 
gross approach described above, it is particularly un- 
fair to make judgments on individual items of work; 
however, when a total ship overhaul is summarized, 
considerable maneuvering room is obtained for indi- 
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Figure 1. Relationship of Standards, Expenditures and 
Shop Work Budgets. 


vidual items of work (some of which will no doubt 
be over estimated and some of which will be under 
estimated). Judgments, made on the basis of sum- 
marized shop work budgets and summarized expendi- 
ture for total projects, are valid with respect to over- 
all improvements in productivity. 

The continuity and durability of the program are 
contingent upon the periodic renegotiation of the shop 
work budget factors, and upon the periodic conduct 
of work samples. These two devices provide infor- 
mation as to the rate at which increased productivity 
is closing the gap on the modified engineered stand- 
ards without requiring any adjustment in the modi- 
fied engineered standards themselves. 


PROGRAM OF CONTINUING REFINEMENT OF INITIAL GROSS 
APPROACH 


It is recommended that modified engineered stand- 
ards be the subject of redetermination based on re- 
turn costs and on work samples to determine the 
average productive percentage at two year intervals. 
The actual work of producing a refined set of modified 
engineered standards should be in process during all 
of the two year period; however, the cutover to the 
use of the newly determined standards should be a 
general yard-wide cutover rather than individual 
shop or item cutover. The purpose of this generalized 
cutover is to maintain knowledge of progress toward 
improved productivity, and to maintain yard-wide 
uniformity in incentive and work requirements. 

In the effort described above, it should be noted 
that in almost every case a gross approach is advo- 
cated. Some justification of this is in order. It is the 
writers’ contention that, while improvements in pro- 
ductivity in the order of magnitude of 25-35 percent 
are in process, attempts to gain knowledge of indi- 
vidual item standards to a very refined degree will 
prove excessively cumbersome, and the whole pro- 
gram will be defeated by an overwhelming number 
of details. The details, in the aggregate, will not pro- 
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duce any better information than is provided by the 
advocated gross approach. However, after several re- 
adjustments of modified engineered standards have 
been made, the work samples should indicate that 
delay time is reduced to the point where not more 
than 4 percent or 5 percent gain in productivity is 
attainable. At this time it will be necessary to re- 
sort to a detailed approach in order to pinpoint the 
particular work items that are causing the remain- 
ing delay time and the individual items upon which 
productivity can be improved. 


USE COMPUTER TO DEVELOP EXCEPTION REPORTS 

For a refinement of standards, using the detailed 
approach, it will be necessary to develop a computer 
program to analyze individual standard data items, 
and to promote exception reports which will indi- 
cate those items which require refinement. This 
computer program must use the standard data items 
as the basis for exception. Therefore, it will be im- 
perative that the computer program be used to com- 
pute and summarize the standard data estimates at 
work levels normally used by the several shops. We 
are confident that this can be accomplished with the 
electronic data processing machines that are in cur- 
rent use by most shipyards. We visualize that the 
computer will do a large proportion of the work now 
being done manually, e.g., computer job estimates 
from standard data, and the printing of work instruc- 
tions based on standardized terminology. It is an- 
ticipated that individual shops will require individual 
programs; and possibly that the areas or trades within 
a shop will require separate computer programs in 
order that the programs be simplified insofar as pos- 
sible. 


ENGINEERED STANDARDS 

The development of work standards of the engi- 
neered quality is by definition a detailed procedure, 
since it must apply to a specific job and a specific 
method of doing the job. This type of standard is not 
susceptible to the gross approach advocated above. 
The engineered standard, however, is very valuable 
for work which is repetitive. The decision to engineer 
a standard for a particular work item must be based 
upon the cost of engineering the standard, the repeti- 
tive nature of work, and the anticipated savings. It 
should be noted that future development of standard 
data tables of engineered quality is possible. How- 
ever, for the present, more significant gains are at- 
tainable by taking advantage of modified engineered 
standards for most of the job shop work, and by the 
judicious application of engineered standards only to 
those operations where large tangible improvements 
are obviously possible. 


DEVELOP JOB STANDARDS FOR REPETITIVE WORK 
In the same manner that the preceding program is 
continuous and durable in the improvement of stand- 
ards’ quality, a program can be developed for the in- 
crease in scope of classification of standards. Stand- 





, a ee ae ae ae ee 


nr ow 


4a Gatien 2 2 ae Gabe’ ak 





Ww 


the 
re- 
ive 
hat 
ore 
7 is 
re- 
the 
‘in- 


ich 


led 
ter 
ms, 
.di- 
‘his 
ms 


m- 
- at 
We 
the 
ur- 
the 
ow 
tes 
uc- 
an-=- 
ual 
hin 
in 
OS- 


gi- 
re, 
ific 
not 
ve. 
ble 
eer 
sed 
ati- 
rot 
ard 


at- 
red 
the 
r to 
nts 


1is 
nd- 
in- 


nd- 








DESEL & CARLOW 





WORK MEASUREMENT 





ard data tables are valuable since they are the build- 
ing blocks for all work accomplished in a shipyard. 
However, the cost of recomputing each job instruc- 
tion standard estimate every time it is used is pro- 
hibitive. Until a mechanized program such as pre- 
viouslv described is developed, a manual program 
should be used whereby a job instruction, once esti- 
mated, will remain on file for future reference. Within 
a brief period the repetitive job instructions will be 
recognized, segregated, pre-printed, and filed for 
future use. In the same manner, with an adequate file 
system, whole repetitive jobs can be identified, pre- 
printed, and filed for future use. The end result of 
such a process is that a total repetitive job order can 
be standardized by the accumulation of pre-printed 
job standards from each shop and the assembly of 
these into a job order standard. Since the estimates 
were originally derived from the basic standard data 
tables, these operations standards, job standards, and 
job order standards are valid work standards of the 
same quality as the original standard data. 


MANAGEMENT'S PART IN THE APPLICATION OF A 
CONTROL PROGRAM 

The foregoing has described the method required 
for the development of work standards, for their im- 
provement in quality and scope, and for their use in 
the control of productive work. The usefulness of 
these devices to the industrial organization is com- 
pletely dependent upon management. A fully devel- 
oped set of work standards, of modified engineered 
quality, provides management with an invariable pro- 
ductivity goal. It is not affected by variations in wage 
rates or inconsistencies among estimators. It consti- 
tutes a reference base against which improved pro- 
ductivity can be measured and evaluated. It is no 
longer necessary to resort to job price comparisons 
among shipyards with the inevitable indeterminate 
and inconsistent variables of facilities, material pro- 
curement cost, and scope of work actually accom- 
plished. 

In an industrial activity where incentive pay is not 
contemplated, the effectiveness of a work standards 
program in improving productivity is particularly 
dependent upon the attitude of all levels of manage- 
ment. 

The use and enforcement of work standards of the 
productivity goal type have the beneficial effect of 
making inefficient production methods and pro- 
cedures intolerable. Productive workers and their 
supervisors will force management decisions in the 
areas which will permit the completion of productive 
work within standard estimates. However, manage- 
ment must be receptive to these pressures as require- 
ments on their performance, and not as productive 
worker excuses for a lack of conformity with work 
standards. 

Management must get back into the business of 
indicating the performance required by its industrial 


organization. This can be accomplished by assuming 
the responsibility for development of work standards, 
and by controlling their development and use. The 
organization whose performance is being measured 
should not be responsible for determining the yard- 
stick to be used in any measurement area, whether 
it be standards development or work sampling. Any 
measurement should be accomplished by manage- 
ment levels whose productivity is not being measured. 
Without management enforcement of, and response 
to, a work measurement—work standards program, 
the large amount of work involved in the develop- 
ment of standards is wasted. Before embarking on 
such a program, management should determine its 
willingness to undertake an active and decisive part 
in the program. Management’s part should be the 
larger part of such a program; and all levels of man- 
agement should be prepared to improve their per- 
formance by: 
1. Improving work planning 
2. Improving stabilization of workload 
3. Improving availability of plans, material and 
tools 
4. Eliminating interference from other trades, 
ship force, shop movements 
5. Requiring progress reports on performance 
6. Insisting on progress toward improved pro- 
ductivity 
7. Judging performance based upon comparisons 
of standard estimates vs mandays expended 
8. Enforcing the use of standards 
9. Instituting review procedures to ensure the 
proper use of standards in making estimates 
Too frequently industrial activities have been 
driven toward improved productivity only in connec- 
tion with special projects or by force of individual 
personality. In these cases, where a basic program is 
lacking, the improvements made are not permanent. 
On the other hand the procedures described herein, 
if supported by management, are sure to produce 
steady and enduring gains, and provide the means 
with which such gains can be measured. 


SUMMARY 


The program as described is directed toward im- 
proving productivity of individual workers by identi- 
fying and eliminating those problems which prevent 
sincere efforts of productive workers. It is based upon 
the fact that management must indicate the type of 
productivity that it desires in specific terms. The pro- 
gram is realistic in that useable standards are devel- 
oped early with a view toward their improvement in 
quality and scope with use and in that intermediate, 
as well as long range, attainable productivity goals 
‘are provided. All types of industrial activities are 
susceptible to improved productivity through the 
recommended program, regardless of the size of the 
activity or the degree to which repetitive work is 
accomplished. 
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RADICAL POWER, ANYONE?—Energy Conversion Laboratories an- 
nounces development of "an entirely new method of producing electric- 
ity, capturing the instantaneous energy of free radicals and converting it 
to useful forms of power." The firm's founder, Stanford R. Ovshinsky says, 
without revealing details of his invention, that basic principles have been 
successfully and repeatedly demonstrated in the laboratory . . . that con- 
stant streams of radicals are being produced in a safe, simple, seemingly 
self-sustaining system; their reactions controlled at near room tempera- 
ture, their energy converted directly into electricity and other forms of 
power. 

Research/Development, September 1960 


SOVIET ATOMIC ICEBREAKER LENIN 


Completed in September, 1959 the Russian icebreaker Lenin, of 
16,000 tons displacement, 44,000 shp, is the first operational merchant- 
type ship driven by nuclear power. The propelling plant consists of three, 
individually operated, nuclear reactors of the pressurized type, one of 
which is reversible. Steam is used to drive | 1,000 hp single-flow turbines 
which turn 8 D.C. generators through reduction gearing. Current is sup- 
plied to three main drive motors, the center one of 9800 hp, the wing 
motors of 4900 hp each. The three propellers are capable of driving the 
ship at 18 knots in open water and at 2 knots in ice 7.10 ft. thick. The 
main object in the construction of the Lenin, apart from the propaganda 
value of the vessel, was to keep the Northern Sea Route open for longer 
periods each year. Despite the powerful icebreakers heretofore em- 
ployed, the Soviet Government has not been able to maintain an open 
passage from Europe to Asia through the Arctic seas. Operations have 
come to an end usually in the early fall of the year, when the young ice 
forms, and it is hoped that the Lenin, thanks to its strength, will be able 
to allow transport ships to leave the Arctic seas at a later date and thus 
augment the volume of cargo brought to Europe from the frozen regions. 

—Marine Journal, July 1960 
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“Ship via Hamburg,” April 1960 


The charm-mythical yet full of life- of a figure-head is still alive in this bow decoration of a Danish schooner of 1875. 
The ancient Grecian legend of nymphs of the springs, rivers and lakes, the Naiads, has given the motif to this carving. 
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“Ship via Hamburg,” April 1960 “Ship via Hamburg,” April 1960 


Who could maintain that the Americans have no feeling Canopus, the most prominent fixed star of the southern 
for the romantic. This powerful “Mohawk” ruled the storms sky, is symbolized by this figure-head bust. It was carved 
under the bowsprit of an American frigate (1816). in France in 1796 at a sculptor’s school belonging to a ship- 

yard. 
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An important feature of the new Queen Elizabeth drydock at the ship 
repair yard of Silley, Cox and Co., Ltd., Falmouth, is the installation of 
remotely controlled mechanical bilge blocks. To date over 100 large ships 
including the 50,000-ton d.w.c. tanker British Queen have already been 
docked using these blocks. Capable of being traversed across the dock 
floor on each side and, in addition, raised or lowered under water to suit 
the beam and rise of floor, the units eliminate the need for conventional 
- shores and thus give a*clear space between the ship and the dock 
wall. 

The blocks may be positioned under water according to the vessel's 
docking and lines plans and all movements are carried out and remotely 
controlled by the use of pneumatic and hydraulic equipment. Designed to 
sustain a very high compressive loading, the units are self-locking and 
consist of three main parts, the base, wedge and top block. A total of 34 
blocks have been installed, 17 on each side, and are equally spaced along 

“So *the dock floor and this arrangement affords the necessary support for the 
large$fships which can be docked, including tankers of up to 85,000 tons 


d.w.c. or-4 






One of the bilge blocks on the floor of the 
Queen Elizabeth drydock. 


Diagrammatic arrangement of bilge block 
control gear. 


Traversing movement is effected by a geared winch at the control sta- 
tion via gypsy-operated chains running in recesses in the dock walls and 
floor and the lateral position of the block is shown by an indicator on the 
winch. Vertical height indication is transmiited to the control panel by 
hydraulic electric pressure switches operating colored lights and the 
actual distance which the block has elevated is indicated by a hydraulic 
gauge calibrated in eighths of an inch. A separate control station is pro- 
vided for each of the blocks. 

It is evident that, in this case, the design of the bilge block control gear 
was closely related to that of the dock as a whole, but there is no reason 
why a similar arrangement could not be adopted to suit any existing dry- 
dock with certain modifications in layout. —THE MOTOR SHIP 

August 1960 
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THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country's glorious future 
depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watch- 
words of the present and the future. 


At home or on distant stations we serve with pride, confident in the re- 
spect of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 
Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and greater 
power to protect and defend the United States on the sea, under the sea, 
and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of the 
new Navy. The roots of the Navy lie in a strong belief in the future, in 
continued dedication to our tasks, and in reflection on our heritage from 
the past. 


Never have our opportunities and our responsibilities been greater. 
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DE LAVAL propulsionu 
power U.S.S. PREBLE.../|s 


Successfully meets performance 


standards in trials 


Second of the new class of guided-missile frigates, the U.S.S. PREBLE (DLG-15) 
is powered by two De Laval cross compound main propulsion turbine units and re- 
duction gears. In addition, De Laval manufactured and supplied four turbine- 
driven fuel oil service pumps, two turbine-driven and two motor-driven lube oil 
pumps, port fuel oil pumps, diesel oil transfer and fuel oil transfer pumps. 

The U.S.S. DEWEY (DLG-14), now at sea, is powered by De Laval main propul- 
sion and auxiliary units. De Laval has also been chosen to supply the main turbines 
and gears and auxiliary equipment for seven additional DLG class vessels. 
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..second of new DLG class 







Built at the Bath Iron Works, Bath, 
Maine, the 512 foot, 5,600 ton U.S.S. 
PREBLE was commissioned on May 9, 
1960 at the Boston Naval Shipyard 
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Now available 
around the world 


TEXACO BUNKERING SERVICE 


Newly expanded bunkering service, on a world-wide basis, 
now enables Texaco to serve your vessels even better. -*, - 

There is a complete line of Texaco Marine Products—lubri- 
cants, fuels and protective coatings for all types of vessels. 
These, combined with famous Texaco engineering and 
delivery service, are potent factors in assuring dependable, 
efficient, low cost operation. Texaco Inc., Marine Sales and 
Bunkering Services Division, 135 East 42nd Street, New, :** 
York 17, New York. 





QUALITY AND SERVICE AROUND THE 
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“THE SHIPBUILDER AND MARINE ENGINE BUILDER” 


EX TREME-PRESSURE 


LUBRICANTS FOR MARINE GEARS 


ACKNOWLEDGMENT 


This article, by A. D. Newman, appeared in the Annual International Num- 
ber of “The Shipbuilder and Marine Engine-Builder” of April 1960, from 
which it is reprinted. It was originally presented to the Institution of Me- 


chanical Engineers. 


‘ada APPEAR TO BE three main reasons, not nec- 
essarily unrelated, for using extreme-pressure lub- 
ricants in marine gearing, and it is worthwhile 
examining them in some detail, since they do not 
lead to quite the same requirement in the lubri- 
cant. The three are: — 


(1) An extreme-pressure oil may be used where 
the design per se requires a higher load-carrying 
capacity than that provided by a normal oil. 


(2) Such an oil may also be used where the de- 
sign does not of itself warrant the use of an ex- 
treme-pressure oil but where its use will afford a 
degree of insurance against trouble. 


(3) An extreme-pressure oil may be employed 
to allow the use of gear materials, which, giving ad- 
vantages in other respects, would be prone to trou- 
ble if a plain oil were used. 

The first reason, that of straightforward design 
requirement, was the one which led to the original 
development of marine geared-turbine extreme- 
pressure oils in Britain. It occurs where the loading 
and/or speed conditions are so difficult that, even 
with extremely well-designed and accurately manu- 
factured gears, oil-film failure will occur between 
the gear teeth when a plain oil is used. 


The second reason applies essentially to mer- 
chant-ship gearing, where nominal loading, al- 
though it has steadily increased over the past few 
years, is not yet, in general, high. In this case, the 
nominal conditions do not appear to be above the 
capacity of a plain oil, but, temporarily, conditions 
may arise which cause trouble, perhaps only in the 
very early life of the machinery, and the use of an 
extreme-pressure oil may give the extra factor of 
safety temporarily required. 

The third reason, that of material incompatibility, 
is one which has not arisen frequently in Britain in 
the past, though it may well do so in the future. As 
in many other features of design, there are compro- 
mises to be made in the choice of materials for 
gears, and one is between the strength and dur- 
ability of the materials in the form of gear teeth and 
their compatibility in combination. This arises par- 
ticularly with through-hardened materials, which 
form the bulk of those used for naval and mer- 
chant-ship gears at present; strength considerations 
appear to indicate that the ultimate load-carrying 
capacity of such gears will be obtained by a com- 
bination of alloy steels rather than the alloy- 
steel/carbon-steel combinations in common use 
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now, and some gears have been designed on this 
basis. In general, however, lubrication trouble has 
been experienced when a plain oil has been used, 
and it has been demonstrated in full-scale gear tests 
and in disc tests that the material combination has 
largely been the reason for this, and that the use of 
an extreme-pressure oil may allow the advantages 
of the material combination to be regained. 


CONDITIONS IN MARINE GEARING 


The oil must normally lubricate and cool the 
gears and their bearings, the turbine bearings and 
the main thrust bearing, in contact with ferrous and 
non-ferrous metals under conditions where oxida- 
tion, foaming and emulsification of the oil, and rust- 
ing and corrosion of metal parts will tend to occur 
and against which the oil must, if possible, be proof; 
this is the basic requirement of any geared-turbine 
oil. 

Full-scale trials have been carried out by Pame- 
trada on _ single-reduction, double-helical (and 
therefore symmetrical), short face width (and 
therefore relatively deflection-free) gears of ma- 
rine type, having the particulars stated in Table I. 


TABLE I 
Cater GRIEG occ ki cccccceccs 35.8076 inches 
EE Gvic.cctccugéconnasene 5 in. (+3-inch gap). 
UN SA di aac a'g's winisinre gs RN 6/10 inch axial pitch; 
16 deg. flank angle. 
Pi ED eos hives deneenecnns 41 (pinions), 284( wheels), 
Addendum/dedendum .......... 60/40 (pinions). 
OE MM Gea tecicesessaepeus 29 deg. 58.805 min. 
Maximum speed .............-- 6,000 (pinions) ; 
866 (wheels). 

Maximum pitch-line speed ..... 236 fps 
Maximum rolling velocity pot MPS! een. 

NE NE > inn dass osiadia nes 74.5 fps 
Maximum sliding velocity 

(pinion tip/wheel root) ...... 43.2 fps 
Maximum sliding velocity 

(pinion root/wheel tip) ...... 33.3 fps 
Slide/roll ratio 

(pinion tip/wheel root) ...... 0.627 
Slide/roll ratio 

(pinion root/wheel tip) ...... 0.735 


The following general relevant results were ob- 
tained in all cases when running on a plain mineral 
oil: — 

Scuffing occurred at reduced speeds at tooth 
loadings which had been accepted satisfactorily at 
higher speeds. (For example, a 3% per cent nickel 
steel pinion running against a 0.3 per cent carbon- 
steel wheel scuffed at just under half full-speed, 
and a 4 per cent nickel-chrominum-molybdenum 
steel pinion running against a 3 per cent nickel- 
chromium-molybdenum steel wheel. scuffed at 
about % full speed; incidentally, at about 70 per 
cent of the tooth loading of the 3% per cent nickel 
steel-0.3 per cent carbon steel combination.) 
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Scuffing occurred more readily when the gears 
were overrunning, that is, wheel driving pinion. 

The scuffing on the tooth surfaces did not appear 
to originate at the ends of contact, that is, at the 
combination of maximum sliding speed and 
slide/roll ratio, but considerably nearer the pitch 
point. 

If these findings, which appear to be inherent 
properties of the gears, are taken in conjunction 
with the operating conditions of marine gears, it 
will readily be seen that high-load high-speed per- 
formance is not the most important requirement of 
a generally applicable extreme-pressure oil. It 
should also be observed that one of the times in the 
life of a set of marine gears when the maneuvering 
sequence is always carried out is during the trials, 
when the gears may have only run for a few hours 
under load previously and are therefore practically 
“raw.” The preponderance of scuffing troubles dur- 
ing trials, the fact that most of it has been on sec- 
ondary gears, the reasonable certainty in many 
cases that it occurred during maneuvering, and the 
surprising (in proportion to the total number of in- 
cidents) number of instances where scuffing has oc- 
curred on the astern tooth flanks, all indicate where 
and when the most difficult conditions occur. 


DEVELOPMENT OF EXTREME-PRESSURE OILS FOR 
MARINE GEARED TURBINES 


Technical development of extreme-pressure oils 
for marine geared turbines has already been re- 
ported in detail and from the suppliers’ points of 
view. It is relevant now to examine the criteria to 
which the development is aimed, and it is proposed 
to restrict this mainly to the aspect of load-carry- 
ing capacity. 

The original aim was to produce lubricants suit- 
able for naval vessels with advanced geared steam- 
turbine machinery, in which the gearing was to be 
surface-hardened and ground and to transmit loads 
much greater than those in the then conventional 
gears. The Admiralty specification for this type of 
lubricant was based on the existing OM-100 speci- 
fication, with the addition of a load-carrying capaci- 
ty requirement and a compatibility clause. The 
OM-100 specification covered a conventional geared 
steam-turbine oil containing oxidation, rusting and 
foaming inhibitors, and included viscosity and vis- 
cosity index, flash point, pour point, acidity, corro- 
sion, foaming and demulsification requirements. 
The load-carrying requirement for the new specifi- 
cation was stated in terms of the Institute of Auto- 
mobile Engineers (I.A.E.) 3%-in. centers gear ma- 
chine, mainly on the reasonable basis that the test 
specimens were surface hardened and ground gears 
and that a very large amount of experience existed 
with this machine. 

The I.A.E. machine is a spur-gear power-circu- 
lator, torque being applied to the system by a split 
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coupling and loading lever, the torque being de- 
fined, on a standard loading lever, by the load ap- 
plied. The gears are carburized, hardened and 
ground 2 per cent nickel-molybdenum (En 34) 
steel, of short face width, 26 degrees 19 minutes 
working pressure angle, 4.769 diametral pitch, 15/16 
teeth. The specification, designated OEP-90, re- 
quires a mean minimum lever load for scuffing of 
90 lb (equivalent to a nominal tooth loading of 5,500 
Ib per in.) at 4,000 rpm and an oil inlet temperature 
of 70°C. This represents a load-carrying capacity 
about 212 times that of OM-100. 


So far, this is the only specification in Britain for 
a marine turbine extreme-pressure lubricant, and 
most of the oils of this type, though developed in 
the load-carrying capacity sense in detail through 
a number of different tests, such as those in four- 
ball and in disc test machines, have been evaluated 
for acceptance against the OEP-90 specification. 


A number of extreme-pressure oils which have 
been submitted for use in particular merchant ships 
have been tested by Pametrada on behalf of the 
engine-builder involved, whether or not they had 
been evaluated by the OEP-90 specification test. In 
each case, a disc machine was used, in which speci- 
mens of the correct material combination were run 
together over a range of slide/roll and speed con- 
ditions. 


OPERATION OF EXTREME-PRESSURE LUBRICANTS 


The phenomenon of scuffing is one which causes 
much discussion and difference of opinion. One rea- 
son for this is that differences in both effect and 
cause are involved in the concept of scuffing; effect, 
in that the term is used to cover degrees and types 
of damage for which general agreement has not 
been reached, and cause, because even in the sim- 
plest practical case there are at least two inter- 
dependent systems involved, those of oil film 
breakdown and of surface film, surface or material 
failure. When an extreme-pressure lubricant is in- 
volved the position is further complicated, since as- 
pects of both cause and effect are materially altered. 
It is obvious, therefore, that an investigation of 
scuffing must consider the developing process lead- 
ing up to scuffing and not only the failure and fail- 
ure conditions themselves. 


The results which follow, although typical, are 
particular ones, intended to illustrate particular 
points only, since no generally applicable relation- 
ships between the variables have yet been estab- 
lished. In each case, the discs were of 2% per cent 
nickel-chromium-molybdenum steel (En 25) run- 
ning against 0.4 per cent carbon steel (En 8), a typ- 
ical marine pinion/wheel combination. 

Figure 1 shows friction results in terms of driv- 
ing torque for various oils, at constant speeds and 
slide/roll ratios with steadily increasing load to 
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Figure 1. Friction Results in Terms of Driving Torque for 
Various Oils. 
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the point of final failure or the limit of the machine. 
In Figure 1(a), the conditions are medium-speed 
and high slide/roll ratio, and three results from a 
plain oil show scuffing at about the same friction 
torque; where the coefficient of friction was lower, 
a higher load was achieved before failure occurred. 
A result from one extreme-pressure oil shows a 
very high failure load, at which the friction torque 
was considerably higher than that at failure of the 
plain oil, with a change in the friction-torque-load 
characteristic at about the failure load of the plain 
oil. Three results from a second extreme-pressure 
oil show in one instance a failure to that of the 
plain oil, in another a failure approaching that of 
the first extreme-pressure oil and at about the same 
level of friction torque, and in the third an inter- 
mediate failure. For this oil, in the cases where re- 
sults were obtained which were better than those 
from the plain oil, changes in the friction-torque- 
load characteristic were observed at about the fail- 
ure load of the plain oil. 

Figure 1(b) shows similar friction-torque results 
for a low-speed high-slide/roll ratio condition. One 
result of the two from the plain oil shows a straight- 
forward failure, the other a failure at a consider- 
ably higher load but with a marked change in the 
friction-torque curve in the area corresponding to 
the failure in the first case. The first extreme-pres- 
sure oil did not fail at the limiting load of the ma- 
chine, but showed distinct changes in friction char- 
acteristic in areas corresponding to the two plain- 
oil failures. The second extreme-pressure oil 
showed lower friction torques than the plain oil or 
the first extreme-pressure oil, but failed at a load 
similar to that of the low plain-oil failure. 

Figure 1(c) shows results for a condition of high- 
speed and low-slide/roll ratio. The friction-torque- 
load relationship is practically linear and indistin- 
guishable as between the plain and the extreme- 
pressure oils, although with the plain oil scuffing 
occurred before the limit of the machine was 
reached. Figure 1(d) shows a similar relationship 
from a low-speed low-slide/roll ratio condition, but 
it should be noted that the friction torques are 
higher than those in Figure 1(c) for corresponding 
loads. 

These results illustrate several typical character- 
istics. With the plain oil under the conditions in 
these tests the friction-torque-load curve is usually 
reasonably linear up to final failure, as, for exam- 
ple, those in Figures 1(a) and 1(c), and generally 
with a low coefficient of friction a high failure load 
is achieved and vice versa, the actual friction tor- 
que at failure being very approximately constant. 
On occasion, however, as illustrated in Figure 1(b), 
two distinct levels of failure load are seen, with an 
indication of change in the friction curve leading to 
the higher failure load in the area of the lower fail- 
ure load. These results suggest that with a plain oil 
the failure generally has a primary cause, probably 
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that of oil film failure, leading immediately to the 
effect of scuffing and that this is governed by the 
rate at which the film will accept energy without 
breakdown; on occasion, however, this does not 
lead immediately to scuffing and it appears that 
some other system comes into play. 

With some extreme-pressure oils, the part of the 
friction-torque-load curve below the failure load of 
the plain oil is practically identical with that of the 
plain oil; but above the failure load of the plain oil 
the extreme-pressure oil appears to exhibit the ac- 
tion of another system, which it is suggested is one 
of surface-protective films, which eventually break 


down at a much higher load and incidentally at a 


much higher rate of energy input. In some cases 
with such oils, especially at low speeds, this second 
system does not appear to come into play, and fail- 
ure occurs at a level similar to that of the plain oil. 

With other extreme-pressure oils, the friction 
torque appears distinctly lower than that with the 
plain oil as the failure load for the plain oil is 
reached, and often a final failure load is achieved 
which is considerably greater than that obtained 
with the plain oil. It is interesting to note that in 
many cases, however, the friction torque at failure 
is similar to that of the plain oil. In other cases, 
however, again particularly at low speeds, although 
the friction-torque level is relatively low, failure 
occurs at a load similar to or lower than that 
achieved by the plain oil. 

FUTURE REQUIREMENTS 

Present merchant-ship gear designs in general 
combine alloy-steel pinions with carbon-steel 
wheels, and the limit of this type of gear has prob- 
ably almost been reached with gears having K fac- 
tors between 100 and 110 now at sea. The trend 
towards larger tankers, though not in itself neces- 
sarily increasing gear nominal loading, may in- 
crease maneuvering loads, and the cost of a pro- 
longed running-in period increases. The use of 
extreme-pressure oils for the initial charge in such 
machinery appears established therefore, since it 
allows rapid bedding of the gears by protecting 
high spots against scuffing long enough for them to 
be demolished by wear or deformation. 

Increase on this level of loading appears bound to 
occur, to achieve smaller and lighter gears, and this 
requires enhancement of the resistance to surface 
fatigue and bending fatigue of the gear materials, 
particularly that of the wheels. It is likely that the 
generally acceptable limit of such properties in 
carbon steels has been reached, so that further im- 
provement must be gained by using alloy steels for 
wheel rims or finally by surface-hardening process- 
es. Troubles have been experienced with alloy steel 
combinations, which, so far as scuffing is concerned, 
in general, have been overcome by the use of ex- 
treme-pressure oils. Apart from the apparent lack 
of compatibility of some alloy steel combinations 
when a plain oil is used, relatively high yield 
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stress/ultimate tensile strength ratios occur with 
some such steels, which means that high spots will 
tend to pit before they deform or wear. Extreme- 
pressure oils which can overcome the lack of com- 
patibility, and also allow such spots to wear rapidly 
without scuffing, are therefore required. 

The final stage, that of using surface-hardened 
gears, involves the use of small gears and high 


loads in order to be competitive economically for 
merchant ships, and therefore appears to return to 
the simple requirement of extreme-pressure lubri- 
cants of high load-carrying capacity, since running- 
in effects are much less than with softer gears an 

combinations of surface-hardened materials appear 
to be very favorable from the lubrication aspect. 


The space craft that will carry an instrumented package to the moon 
as part of the National Aeronautics and Space Administration's lunar 
study program will have solar energy converters with one-third greater 
efficiency than those used in previous space probes, it was revealed to- 
day by Hoffman Electronics Corporation. 

There will be 12 panels mounting a total of 50,000 silicon solar cells. 
The cells will have an average light-to-electricity conversion efficiency of 
12 per cent. Maximum conversion efficiency of solar converters on U. S. 


satellites now in orbit is 9 per cent. 


Each solar panel for the lunar space craft will be capable of a power 
output of 95 watts. This is far more than the power requirements of previ- 
ous space probes, according to Z. W. Pique, vice president-marketing for 


Hoffman's Semiconductor Division. 


The solar energy converters used in NASA's lunar study will provide 
the power for a television camera system and other instruments that will 
transmit data back to earth during the flight to the moon. 


FARTHER FATHOMS—Submersibles can be propelled to "depths 
previously considered impossible," up to 7,000 feet, with a new under- 
water propulsion system developed by Avien, Inc., President Leo A. 
Weiss of the Woodside, N. Y., firm reports. The system features use of 
an exhaust gas compressor capable of operating under pressures of up to 
3200 psi, solving the problem of reduced engine saa ag due to 


back pressure, Weiss says. A second “ie factor, 
pump that can operate with corrosive fue 


e explains, is a fuel 
s or oxidants, the types of com- 


binations that have the attraction of high energy potential with greatly 


reduced vehicle weight and volume. 


—Research/Development, September |960 


“CAT'S EYES" FOR FROGMEN—Particularly valuable under zero vis- 
ibility in dark or murky water, says Stromberg-Carlson, division of Gen- 
eral Dynamics Corp., is economical new hand-held sonar equipment it has 
developed jointly with U. S. Navy Electronics Laboratory. Designated 
AN/PQS-1, the device is slightly larger than a basketball, one cubic foot 
in volume; has aluminum casing with hand grips. Earphones provide the 
underwater operator with audio information on objects detected by the 
searching sonar beam. Standard batteries power the transistorized porta- 
ble object locator—a feature expected to save more than 90 per cent in 
battery replacement costs. Battery life of up to 40 hours is anticipated, 
due to low power requirements of transistorized circuitry. Ten prototypes 
will be delivered this year under Bureau of Ships contract. 

—Research/Development, August 1960 
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The challenge of silence 


The wide and deep sea is a near-perfect hiding place . . . and 
an infinitely mobile missile launching pad. This makes anti- 
submarine warfare a high-priority defense problem. 

Not just the sea, but the surface and the air as well, comprise 
the theatre of ASW. And in all these areas, Sperry is making 
advanced contributions: submarine sonar detection gear 
. . . submarine fire control systems . . . submarine depth and 
maneuvering controls . . . countermeasures and counter- 
countermeasures . . . sophisticated navigational computers for 
helicopters, capable of programming a systematically precise 
sub search . . . automatic flight controls for the helicopter to 
permit it to do its job despite the vagaries of weather or mis- 


sion complexity . . . for surface ships, precision torpedo fire 
control and hydrofoil stabilization and control systems. 

Most of today’s ASW programs utilize sound radiation tech- 
niques. But being explored are myriad “unsound” techniques 
of sea-hunting, vast new frontier for scientist and engineer 
. .. investigations in the electro-magnetic spectrum . . . devel- 
opment of advanced transducers, data processors, and means 
of displaying data that is gathered. 

These anti-submarine warfare programs, ranging through 
the three dimensions of our environment, typify the integrated 
capability of the Sperry organization today. General offices, 
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R ECENT STUDIES which have been made in connec- 
tion with the development of mobile and marine 
power plants indicate a wide field of application for 
a compact, effective power plant using a nuclear 
fission heat source. Suggested designs to date have 
included boiling water plants, steam cooled reactors, 
pressurized water systems, and direct cycle gas 
cooled reactor power systems. All these proposals 
require extensive compromise between the desired 
criteria and the practical application. 

The requirements of conventional power plants 
for mobile and marine use are well understood. 
These requirements, when incorporated in nuclear 
concepts, must of necessity be modified for several 
reasons: (1) containment requirements; (2) shield- 
ing requirements; (3) specialized techniques re- 
quired for maintenance and refueling; (4) limita- 
tions governing the disposal of solid wastes, and the 
discharge of liquid or gaseous effluents; (5) en- 
vironmental hazards; (6) the economic necessity 
for continuous operation, with minimum time al- 
lowed for overhaul and maintenance. The resultant 
nuclear power plant is bulky, expensive, and de- 
mands the attentions of highly specialized person- 


nel. Altogether, it is a special purpose plant, the 
use of which is justified only under very specific 
conditions. 

The nuclear power plant described herein shows 
promise of being compact, efficient, and easily main- 
tained. The thermal efficiency approaches that of 
the Carnot cycle. The reactor plant is compact and 
cheap by virtue of the use of an unpressurized re- 
actor with high heat transfer capabilities. 

The power machinery is an 8 cylinder 2500 hp 
engine operating on the Stirling cycle. Modern de- 
sign versions of engines operating on this cycle have 
shown great promise of exceeding Diesel and Otto 
engines in efficiency, reliability, quietness of opera- 
tion and specific output. The inherent design of the 
Stirling engine requires no valves, no timing gears, 
no fuel injection; there is no exhaust or intake, as 
the engine operates with a closed cycle and a single 
permanent charge of working fluid. The reactor 
coolant fluid will not contaminate the engine, and 
will not affect the lubrication. 

The components of this plant, in short, are ideally 
suitable for use with each other in marine and 
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mobile propulsion applications, and for use in re- 
mote or underground sites. 


A brief description of the entire plant is given, 
followed by an explanation of the machinery and 
power cycle. 


For the generation of power from nuclear energy, 
liquid metals offer many attractive advantages for 
the high temperature extraction of heat from power 
reactors. However, the advantages resulting from 
good neutron economy, high heat transfer rates, 
and low system pressures are often offset by chem- 
ical instability and corrosive action on the ma- 
terials of the cooling system, and (possibly) high 
primary circuit activity. 

The general requirements for the selection of liquid 
metal coolants are best served by lithium, sodium, 
potassium, mercury, lead, and bismuth, and such 
of their alloys as exhibit usefully low melting 
points. Of these possible metallic coolants, lithium 
exhibits the most desirable properties of the entire 
group. Its specific heat is appreciably higher than 
any other liquid metal; only one half to one third 
the coolant volume of other metals is required by 
lithium with a consequent reduction in volume and 
weight of the coolant circuit. Its electrical and hy- 
draulic properties are apparently suitable for good 
performance with either electromagnetic or rotating 
pumps. Corrosion data unfortunately, is lacking, 
but it is reasonable to assume that purified lithium 
will be no harder to handle than, for instance, 
sodium. 


The most significant objection to natural lithium 
as a reactor coolant is based on its high thermal 
neutron absorption. Naturally occurring lithium, 
however, consists of two isotopes: 92.5 percent of 
Li’ and 7.5 percent of Li®. The high thermal neutron 
absorption is due entirely to the latter isotope. Li’, 
the majority isotope in natural lithium, has an 
attractively low neutron capture cross section, is 
suitable for use as a moderator, and has no signifi- 
cant induced activity on irradiation. The isotope 
at present (with an estimated cost of $500/lb) is 
too expensive to consider in any concept but one 
which is specifically oriented to its economical use. 
There is no doubt that, even as the price of natural 
lithium has been reduced, the isotope Li’ may be 
produced at a price to justify its use in this reactor. 

In a marine propulsion plant, where both space 
and weight are at a premium, the low primary cir- 
cuit activity and the 0.85 second half life of the Li’ 
coolant permits its use directly into the heater sec- 
tion of the thermal engine with which it is proposed 
to be used. Such an arrangement would require 
only a lightly shielded primary circuit, and would 
save a considerable amount of weight and compli- 
cation both in shielding and in the elimination of 
secondary pumps and heat exchangers. 

The proposed reactor is contained in a vessel 
pressurized only enough to permit the use of an 
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inert blanket gas, to exclude air. Such a vessel 
should be extremely cheap to construct because 
heavy construction and leakproof packings are al- 
most unnecessary. The vessel can be readily opened 
for servicing, since heavy bolting is not required. 
Packings, where used, will have a leak-off connec- 
tion so that leakage of the pressurizing gas may be 
collected and purified. The leak-off gas may also 
serve to cool the packings. 

The proposed core will be approximately 20” in 
diameter, and 40” high, and will contain about 3500 
Ibs of slightly enriched uranium. The fuel will be 
an arrangement of 280 ceramic or metal clad cylind- 
rical elements, permanently held in a removable 
steel basket. The control rods will be supported by 
the cover of the pressure vessel, and all may be 
entirely removed as an assembly integral with 
the pressure vessel cover. Scram may be accom- 
plished by rod insertion, supplemented by discharge 
of moderator from the pressure vessel into a re- 
ceiving tank. 

The Li’ serves as both moderator and coolant, 
thus achieving an admirable simplicity of design 
and economy of cost. The reactor has the simplicity 
of a boiling water design without the problems inci- 
dent to high pressure and the limitations due to 
boiling. 

Extreme simplicity of design and construction is 
inherent in this design. The lithium melts at 179°C, 
and boils at 1300°C so that temperature limitations 
are imposed by metallurgical rather than coolant 
considerations. 

The fuel elements will not be rearranged to com- 
pensate for uneven burnup; the moderator level 
will be varied to provide burnup compensation. 
When the core is considered exhausted, the cover 
of the reactor vessel will be removed, together with 
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Figure 1. Ideal Cycle Diagram. 
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Figure 2. Relative Piston Position. 


the control rods, and a shielded grapple will re- 
move the entire load, replacing it with a fresh load- 
ing. The entire reloading operation will require only 
minutes, and may be accomplished even while the 
elements are hot. The exhausted core is then stored 
for decay, and subsequently shipped to a processing 
center for reprocessing. The cost of the structure to 
support the core is a minor consideration compared 
to the capital cost savings which may be achieved 
by this simplicity of design. 

If unclad ceramic fuel elements are used, fission 
gases will collect in the reactor vessel, mixing 
with the pressurizing gas. When it is necessary to 
blowdown some of the pressurizing gas, the blow- 
down is diverted through a holdup tank, filters, 
and traps. The packing leak-offs will be used as a 
continuous bleed for side-stream purification. Al- 
though the presence of fission gases in the reactor 
vessel may not be objectionable, the possibility of 
their reaction with Li may make such a continuous 
bleed off purification system desirable. The pos- 
sible contamination of Li’ due to the diffusion of 
fission gases must also be considered. The purifica- 
tion system for the lithium should offer no diffi- 
culty, as the activation and half life of the radio- 
active products are extremely small. However, the 
problem of lithium purification will require study, 
because of the lack of experience concerning the 
reactions between molten lithium and fission gases 
or fuel element particulates. 

The “throw away” core is a unique concept de- 
signed to cope with the difficulties of fueling in 
the field, and with the deterioration which may be 
expected due to the use of a possibly difficult cool- 
ant. Since the core is small, the method is feasible. 


The reactor vessel will be less than 5’ high, and 
less than 2’ in diameter. It is estimated that the 
weight of the entire vessel will be in the neighbor- 
hood of 10,000 Ibs. The small size of the vessel al- 
lows the economical use of a high density primary 
shield, with resultant space and weight savings. The 
primary coolant system will require about 140 Ibs 
of Li’, having an estimated cost of $70,000. 


STIRLING ENGINE 


The propulsion engine consists of eight to six- 
teen cylinders, arranged in “V” form with an angle 
of 90° between the cylinder banks. Figure 4 shows 
the arrangement of a typical pair of cylinders. The 
operation of the Stirling engine is completely gov- 
erned by the relative motion of the two pistons 
which are attached to a common crank throw, and 
which have a rotational phase difference of 90° be- 
tween them. The basic functions of the pistons may 
be seen from an examination of Figure 3. It is evi- 
dent that all of the thermodynamic fluid is con- 
tained in the total volume represented by the vol- 
umes of the 3 spaces which may be designated as 
follows: (1) the variable volume of the hot space 
in the left hand cylinder above the piston; (2) the 
internal volume of the heater, regenerator, cooler 
and piping; (3) the variable volume of the cold 
space in the right hand cylinder above the piston. 
The total volume of the working fluid is therefore 
determined by the relative positions of the two 
pistons. 

The only requirement for the phase relationship 
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Figure 3. Piston Positions at points 1 to 4 of the angle. 
V—Relative Volume of Thermodynamic Fluid. 
HRS—Heater, Regenerator, Cooler. 
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Figure 4. RV-Reversing Valves. H-Heating Section. R- 
“Regenerator. C-Cooling System. 


of the two pistons is that the “hot” piston should 
lead the “cold” piston by 90°. 

The ideal Stirling cycle is most conveniently de- 
scribed by the sequence of piston positions shown 
in Figure 2 and 3; the corresponding ideal PV dia- 
gram is shown in Figure 1. By proper design of the 
heat exchangers, and phasing of the pistons, the 
working fluid can be displaced through the heat ex- 
changers in such a manner that the processes of 
the ideal cycle are approximated. 

The cycle is easily described by the PV diagram. 
In contrast to the evaporation processes, the output 
drops only slightly with temperature, so that the 
output is proportional to the pressure of the work- 
ing fluid. 

The ideal cycle may be conventionally divided 
into 4 phases as follows 


we 
° ——. 


ably higher load but with a marked change in the 


space. Cooling of the gas occurs at constant volume, 
as shown by the portion of curve from point 3 to 
point 4. From point 4 the cycle repeats itself. 

As the ideal cycle is assumed to be completely 
reversible, its efficiency is equal to that of the cor- 
responding Carnot cycle, which is the highest that 
is attainable for any heat engine. Since both the 
initial and the final constant volume processes op- 
erate between the same isotherms, and the ideal 
specific heat is constant, the heat involved is identi- 
cal for both processes. In the actual process, the 
piston motions are sinusoidal and progressive, so 
that the actual processes are as shown by the dia- 
grams of Figures 5 and 6, which are determined 
by the actual engine parameters. A comparison of 
Figure 5 with Figure 1, and of Figure 6 with Fig- 
ure 2 shows that the four processes of the ideal 
cycle do not seem to be even closely approximated 
by an actual engine; however, a comparison of the 
relative motion diagrams (Figures 2 and 6) shows 
that the position of the piston and bottom dead cen- 
ters are clearly defined for both the actual and the 
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ideal engines. The ideal and actual cycles may thus oe 
be compared by their respective cycle diagrams medion 
and piston relative motion diagrams. fluid s 
Between the temperature limits of 1250°F and its dis 
200°F, represented by T, and T, on Figure 1, the effecti 
ideal cycle has an efficiency of 70 percent. The ac- Lower 
tual engine shaft thermal efficiency which may be only t 
anticipated with modern design including all fric- gas w 
tion and process losses, is in the neighborhood of associ: 
60 percent of the ideal. On the basis of the ideal an- off th 
alysis alone, it is obvious that the regenerator is some 
an essential contributor to the attainment of this lower! 
practical thermal utilization. Regenerator theory ency | 
has been extensively explored in recent years, both cant. 
theoretically and empirically, and actual efficiencies An 
in excess of 98 percent are possible the os 
The power output of the engine is regulated by ‘um 4 
changing the pressure of the thermodynemic fluid ting © 
within the working volume The reactor ts con port | 
. tat tne onenemen 8 1 ore reonred. Ines 
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is similar to that of th plain oil. In other cases, 


Ui i ie i 


friction-torque curve in the area corresponding to 
the failure in the first case. The first extreme-pres- 
sure oil did not fail at the limiting load of the ma- 
chine, but showed distinct changes in friction char- 
acteristic in areas corresponding to the two plain- 
oil failures. The second extreme-pressure oil 
showed lower friction torques than the plain oil or 
the first extreme-pressure oil, but failed at a load 
sumilar to that of the low plain-oii failure. 


it should be noted that the friction torques are 
aoe than those in Figure 1(c) for corresponding 
These results illustrate several typical character- 
istics. With the plain oil under the conditions in 
these tests the friction-torque-load curve is usually 
reasonably linear up to final failure, as, for exam- 
ple, those in Figures 1(a) and 1(c), and generally 
with a low coefficient of friction a high failure load 
is achieved and vice versa, the actual friction tor- 
que at failure being very approximately constant. 
On occasion, however, as illustrated in Figure 1(b) 
two distinct levels of failure load are seen, with on 
indication of change in the friction curve leading to 
the higher failure load in the area of the lower fail- 
ure load. These results suggest that with a plain ‘oil 
the failure generally has a primary cause, probaly 
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towards larger 


combinations, which, so far as scuffing is concerned 
in general, have been overcome by the use of ex- 
treme-pressure oils. Apart from the apparent lack 
of compatibility of some alloy steel combinations 
when a plain oil is used, relatively high yield 
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Figure 5. Actual Cycle Diagram. 











PRESSURE 
| 
COLD PISTON POSITION 





It may be an exceptionally good heat transfer 
medium. Its unique possibilities as a thermodynamic 
fluid stem from the possible advantages arising from 
its dissassociation and the consequent increase in 
effective specific heat and thermal conductivity. 
Lowering the temperature of the gas will yield not 
only the heat given off as if the composition of the 
gas were “frozen”, but since the gas is more highly 
associated at lower temperatures, it will also give 
off the chemical heat due to the association of 
some of the monomer molecules that result from 
lowering the tempereture. The effect on the effici- 
ency and size of the regenerator should be signifi- 
cant 

An additional advantage of this power plant 
the convenient possibility of heating the liquid 
\um with an external oi) fired boiler, thus permit- 
ting complete shytdown of the reagtor plant for in- 


port operation 
Inasmuch as the engine requires no valves. gears treahzed with thie 





Fs 





_ al sauure 





The solar energy converters used in NASA's lunar study will provide 


th 
: aheul the power for a television camera system and other instruments that will 
ercdeiieees transmit data back to earth during the flight to the moon. 
than that 3 
FARTHER FATHOMS—Submersibl . 

in general previously considered wep.” an * Se Agar ot = 
bon steal water propulsion system dev by Avien, Inc., President Leo A 
Me A pe Weiss of the Woodside, N. Y., firm reports. The system features use of 
ps & ue 3200 autt 998 compressor capable of operating under pressures of up to 
a — psi, problem of reduced engine open = my due to 

my pressure, pen. Wh fA explains, is a fuel 
deum that can operate with corrosive fuels or oxidants, the types of com- 
- ont a that have the attraction of high energy potential with 
, it 

—Research Development, September 1960 
« them to 
_ "CAT'S EYES" FOR FROGMEN—P aluable 

a A. i in dark or murky water, says S . division of Gon. 
» ea eral Dynamics Corp., is economical new sonar equipment it has 
matatalll rty jointly with U. S. Navy Electronics Laboratory. 
» that the — wet eee Sates is slightly larger than a basketball, one foot 
strtics i in volume; has aluminum casing with hand grips. Earphon i 
hae tail underwater operator with oie Sdoventienen eihees aonttediee the 
steels for searching sonar beam. Standard batteries power the transistorized porta- 
4 iBieee ble object locator—a feature expected to save more than 90 per cent in 
eens Mec battery replacement costs. Battery life of up to 40 hours is anticipated 
aa a al due to low power requirements of transistorized circuitry. Ten prototypes 
pet will be delivered this year under Bureau of Ships contract. 
bination —Research/Development, August 1960 
igh yie. 
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The challenge of silence 


The wide and deep sea is a near-perfect hiding place .. . and 
an infinitely mobile missile launching pad. This makes anti- 
submarine warfare a high-priority defense problem. 

Not just the sea, but the surface and the air as well, comprise 
the theatre of ASW. And in all these areas, Sperry is making 
advanced contributions: submarine sonar detection gear 
. .. Submarine fire control systems . . . submarine depth and 
maneuvering controls . . . countermegsures and counter- 
countermeasures . . . sophisticated navigational computers for 
helicopters, capable of programming a systematically precise 
sub search . . . automatic flight controls for the helicopter to 
permit it to do its job despite the vagaries of weather or mis- 


sion complexity .. . for surface ships, precision torpedo fire 
control and hydrofoil stabilization and control systems. 

Most of today’s ASW programs utilize sound radiation tech- 
niques. But being explored are myriad “unsound” techniques 
of sea-hunting, vast new frontier for scientist and engineer 
. . . investigations in the electro-magnetic spectrum . . . devel- 
opment of advanced transducers, data processors, and means 
of displaying data that is gathered. 

These anti-submarine warfare programs, ranging through 
the three dimensions of our environment, typify the integrated 
capability of the Sperry organization today. General offices, 
Great Neck, N. Y. 
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ECENT STUDIES which have been made in connec- 
ion with the development of mobile and marine 
Fyower plants indicate a wide field of application for 
compact, effective power plant using a nuclear 
ion heat source. Suggested designs to date have 
ncluded boiling water plants, steam cooled reactors, 
bressurized water systems, and direct cycle gas 
cooled reactor power systems. All these proposals 
tequire extensive compromise between the desired 
criteria and the practical application. 


» fire The requirements of conventional power plants 
for mobile and marine use are well understood. 
tech- These requirements, when incorporated in nuclear 


iques concepts, must of necessity be modified for several 
ineer teasons: (1) containment requirements; (2) shield- 
evel- ing requirements; (3) specialized techniques re- 
.eans quired for maintenance and refueling; (4) limita- 
tions governing the disposal of solid wastes, and the 
ough discharge of liquid or gaseous effluents; (5) en- 
rated vironmental hazards; (6) the economic necessity 
fices, for continuous operation, with minimum time al- 
lowed for overhaul and maintenance. The resultant 
nuclear power plant is bulky, expensive, and de- 
mands the attentions of highly specialized person- 





PAUL N. GARAY 


A NEW CONCEPT FOR A NUCLEAR 
POWER MARINE PROPULSION PLANT 


THE AUTHOR 


is presently with the Gas Cooled Power Group of Kaiser Engineers, Oak- 
land, Calif. For the past several years he has been associated with the 
design of nuclear power plants. 

He received his engineering degree in 1941 from Northwestern University. 
During World War II, and the Korean War, he was an Engineering Duty 
officer with the U.S. Navy. 

His numerous articles concerning the operation and design of power and 
nuclear facilities have been published in various technical journals. 


nel. Altogether, it is a special purpose plant, the 
use of which is justified only under very specific 
conditions. 

The nuclear power plant described herein shows 
promise of being compact, efficient, and easily main- 
tained. The thermal efficiency approaches that of 
the Carnot cycle. The reactor plant is compact and 
cheap by virtue of the use of an unpressurized re- 
actor with high heat transfer capabilities. 

The power machinery is an 8 cylinder 2500 hp 
engine operating on the Stirling cycle. Modern de- 
sign versions of engines operating on this cycle have 
shown great promise of exceeding Diesel and Otto 
engines in efficiency, reliability, quietness of opera- 
tion and specific output. The inherent design of the 
Stirling engine requires no valves, no timing gears, 
no fuel injection; there is no exhaust or intake, as 
the engine operates with a closed cycle and a single 
permanent charge of working fluid. The reactor 
coolant fluid will not contaminate the engine, and 
will not affect the lubrication. 

The components of this plant, in short, are ideally 
suitable for use with each other in marine and 
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mobile propulsion applications, and for use in re- 
mote or underground sites. 


A brief description of the entire plant is given, 
followed by an explanation of the machinery and 
power cycle. 


For the generation of power from nuclear energy, 
liquid metals offer many attractive advantages for 
the high temperature extraction of heat from power 
reactors. However, the advantages resulting from 
good neutron economy, high heat transfer rates, 
and low system pressures are often offset by chem- 
ical instability and corrosive action on the ma- 
terials of the cooling system, and (possibly) high 
primary circuit activity. 

The general requirements for the selection of liquid 
metal coolants are best served by lithium, sodium, 
potassium, mercury, lead, and bismuth, and such 
of their alloys as exhibit usefully low melting 
points. Of these possible metallic coolants, lithium 
exhibits the most desirable properties of the entire 
group. Its specific heat is appreciably higher than 
any other liquid metal; only one half to one third 
the coolant volume of other metals is required by 
lithium with a consequent reduction in volume and 
weight of the coolant circuit. Its electrical and hy- 
draulic properties are apparently suitable for good 
performance with either electromagnetic or rotating 
pumps. Corrosion data unfortunately, is lacking, 
but it is reasonable to assume that purified lithium 
will be no harder to handle than, for instance, 
sodium. 

The most significant objection to natural lithium 
as a reactor coolant is based on its high thermal 
neutron absorption. Naturally occurring lithium, 
however, consists of two isotopes: 92.5 percent of 
Li’ and 7.5 percent of Li®. The high thermal neutron 
absorption is due entirely to the latter isotope. Li’, 
the majority isotope in natural lithium, has an 
attractively low neutron capture cross section, is 
suitable for use as a moderator, and has no signifi- 
cant induced activity on irradiation. The isotope 
at present (with an estimated cost of $500/Ib) is 
too expensive to consider in any concept but one 
which is specifically oriented to its economical use. 
There is no doubt that, even as the price of natural 
lithium has been reduced, the isotope Li’ may be 
produced at a price to justify its use in this reactor. 

In a marine propulsion plant, where both space 
and weight are at a premium, the low primary cir- 
cuit activity and the 0.85 second half life of the Li’ 
coolant permits its use directly into the heater sec- 
tion of the thermal engine with which it is proposed 
to be used. Such an arrangement would require 
only a lightly shielded primary circuit, and would 
save a considerable amount of weight and compli- 
cation both in shielding and in the elimination of 
secondary pumps and heat exchangers. 

The proposed reactor is contained in a vessel 
pressurized only enough to permit the use of an 


760 A.S.N.E, Journal, November 1960 


inert blanket gas, to exclude air. Such a vessel 
should be extremely cheap to construct because 
heavy construction and leakproof packings are al- 
most unnecessary. The vessel can be readily opened 
for servicing, since heavy bolting is not required. 
Packings, where used, will have a leak-off connec- 
tion so that leakage of the pressurizing gas may be 
collected and purified. The leak-off gas may also 
serve to cool the packings. 

The proposed core will be approximately 20” in 
diameter, and 40” high, and will contain about 3500 
Ibs of slightly enriched uranium. The fuel will be 
an arrangement of 280 ceramic or metal clad cylind- 
rical elements, permanently held in a removable 
steel basket. The control rods will be supported by 
the cover of the pressure vessel, and all may be 
entirely removed as an assembly integral with 
the pressure vessel cover. Scram may be accom- 
plished by rod insertion, supplemented by discharge 
of moderator from the pressure vessel into a re- 
ceiving tank. 

The Li’ serves as both moderator and coolant, 
thus achieving an admirable simplicity of design 
and economy of cost. The reactor has the simplicity 
of a boiling water design without the problems inci- 
dent to high pressure and the limitations due to 
boiling. 

Extreme simplicity of design and construction is 
inherent in this design. The lithium melts at 179°C, 
and boils at 1300°C so that temperature limitations 
are imposed by metallurgical rather than coolant 
considerations. 

The fuel elements will not be rearranged to com- 
pensate for uneven burnup; the moderator level 
will be varied to provide burnup compensation. 
When the core is considered exhausted, the cover 
of the reactor vessel will be removed, together with 
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Figure 1. Ideal Cycle Diagram. 
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Figure 2. Relative Piston Position. 


the control rods, and a shielded grapple will re- 
move the entire load, replacing it with a fresh load- 
ing. The entire reloading operation will require only 
minutes, and may be accomplished even while the 
elements are hot. The exhausted core is then stored 
for decay, and subsequently shipped to a processing 
center for reprocessing. The cost of the structure to 
support the core is a minor consideration compared 
to the capital cost savings which may be achieved 
by this simplicity of design. 

If unclad ceramic fuel elements are used, fission 
gases will collect in the reactor vessel, mixing 
with the pressurizing gas. When it is necessary to 
blowdown some of the pressurizing gas, the blow- 
down is diverted through a holdup tank, filters, 
and traps. The packing leak-offs will be used as a 
continuous bleed for side-stream purification. Al- 
though the presence of fission gases in the reactor 
vessel may not be objectionable, the possibility of 
their reaction with Li may make such a continuous 
bleed off purification system desirable. The pos- 
sible contamination of Li’ due to the diffusion of 
fission gases must also be considered. The purifica- 
tion system for the lithium should offer no diffi- 
culty, as the activation and half life of the radio- 
active products are extremely small. However, the 
problem of lithium purification will require study, 
because of the lack of experience concerning the 
reactions between molten lithium and fission gases 
or fuel element particulates. 

The “throw away” core is a unique concept de- 
Signed to cope with the difficulties of fueling in 
the field, and with the deterioration which may be 
expected due to the use of a possibly difficult cool- 
ant. Since the core is small, the method is feasible. 


The reactor vessel will be Jess than 5’ high, and 
less than 2’ in diameter. It is estimated that the 
weight of the entire vessel will be in the neighbor- 
hood of 10,000 Ibs. The small size of the vessel al- 
lows the economical use of a high density primary 
shield, with resultant space and weight savings. The 
primary coolant system will require about 140 Ibs 
of Li’, having an estimated cost of $70,000. 


STIRLING ENGINE 


The propulsion engine consists of eight to six- 
teen cylinders, arranged in “V” form with an angle 
of 90° between the cylinder banks. Figure 4 shows 
the arrangement of a typical pair of cylinders. The 
operation of the Stirling engine is completely gov- 
erned by the relative motion of the two pistons 
which are attached to a common crank throw, and 
which have a rotational phase difference of 90° be- 
tween them. The basic functions of the pistons may 
be seen from an examination of Figure 3. It is evi- 
dent that all of the thermodynamic fluid is con- 
tained in the total volume represented by the vol- 
umes of the 3 spaces which may be designated as 
follows: (1) the variable volume of the hot space 
in the left hand cylinder above the piston; (2) the 
internal volume of the heater, regenerator, cooler 
and piping; (3) the variable volume of the cold 
space in the right hand cylinder above the piston. 
The total volume of the working fluid is therefore 
determined by the relative positions of the two 
pistons. 

The only requirement for the phase relationship 
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Figure 3. Piston Positions at points 1 to 4 of the angle. 


V—Relative Volume of Thermodynamic Fluid. 
HRS—Heater, Regenerator, Cooler. 
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Figure 4. RV-Reversing Valves. H-Heating Section. R- 
Regenerator. C-Cooling System. 


of the two pistons is that the “hot” piston should 
lead the “cold” piston by 90°. 

The ideal Stirling cycle is most conveniently de- 
scribed by the sequence of piston positions shown 
in Figure 2 and 3; the corresponding ideal PV dia- 
gram is shown in Figure 1. By proper design of the 
heat exchangers, and phasing of the pistons, the 
working fluid can be displaced through the heat ex- 
changers in such a manner that the processes of 
the ideal cycle are approximated. 

The cycle is easily described by the PV diagram. 
In contrast to the evaporation processes, the output 
drops only slightly with temperature, so that the 
output is proportional to the pressure of the work- 
ing fluid. 

The ideal cycle may be conventionally divided 


into 4 phases as follows: 


Phase I 

The first process is an isothermal compression of 
the cold gas; shown by the diagrammatic curves 
from point 4 to point 1. 


Phase II 

Both pistons move uniformly, transferring the 
compressed gas through the regenerator and heater 
into the hot space. Heating of the gas occurs at 
constant volume, shown by the portion of the curve 
from point 1 to point 2. 
Phase III 

The pistons move so that the volume of the sys- 
tem between them increases. The process is an iso- 
thermal expansion, shown by the portion of the 
curve from point 2 to point 3. 


Phase IV 
Uniform motion of the pistons transfers the gas 
through the regenerator and cooler into the cold 


762 A.S.N.E. Journal, November 1960 


space. Cooling of the gas occurs at constant volume, 
as shown by the portion of curve from point 3 to 
point 4. From point 4 the cycle repeats itself. 

As the ideal cycle is assumed to be completely 
reversible, its efficiency is equal to that of the cor- 
responding Carnot cycle, which is the highest that 
is attainable for any heat engine. Since both the 
initial and the final constant volume processes op- 
erate between the same isotherms, and the ideal 


' specific heat is constant, the heat involved is identi- 


cal for both processes. In the actual process, the 
piston motions are sinusoidal and progressive, so 
that the actual processes are as shown by the dia- 
grams of Figures 5 and 6, which are determined 
by the actual engine parameters. A comparison of 
Figure 5 with Figure 1, and of Figure 6 with Fig- 
ure 2 shows that the four processes of the ideal 
cycle do not seem to be even closely approximated 
by an actual engine; however, a comparison of the 
relative motion diagrams (Figures 2 and 6) shows 
that the position of the piston and bottom dead cen- 
ters are clearly defined for both the actual and the 
ideal engines. The ideal and actual cycles may thus 
be compared by their respective cycle diagrams 
and piston relative motion diagrams. 

Between the temperature limits of 1250°F and 
200°F, represented by T; and Ty, on Figure 1, the 
ideal cycle has an efficiency of 70 percent. The ac- 
tual engine shaft thermal efficiency which may be 
anticipated with modern design including all fric- 
tion and process losses, is in the neighborhood of 
60 percent of the ideal. On the basis of the ideal an- 
alysis alone, it is obvious that the regenerator is 
an essential contributor to the attainment of this 
practical thermal utilization. Regenerator theory 
has been extensively explored in recent years, both 
theoretically and empirically, and actual efficiencies 
in excess of 98 percent are possible. 

The power output of the engine is regulated by 
changing the pressure of the thermodynamic fluid 
within the working volume. The reactor is con- 
trolled to produce a constant temperature regard- 
less of the engine load level, so that the design 
temperature conditions of the reactor are always 
closely maintained. The direction of rotation of the 
engine is very simply reversed by reversing the di- 
rection of gas flow through the heat exchanger. The 
reversal is accomplished by the interconnected 
valves RV shown in Figure 4. 

The thermodynamic properties of the working 
fluid are very important. The excellent properties 
of hydrogen make it a favorite choice for this ap- 
plication; helium, which is a somewhat less re- 
active gas, results in an efficiency decrease of about 
12 percent. An excellent possibility for a working 
fluid is aluminum chloride in the gaseous form. It 
is particularly attractive for this application since 
it exists as the monomer AIC}, at high tempera- 
ture, and as the dimer AI.Cl, at low temperatures. 
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Figure 5. Actual Cycle Diagram. 








It may be an exceptionally good heat transfer 
medium. Its unique possibilities as a thermodynamic 
fluid stem from the possible advantages arising from 
its dissassociation and the consequent increase in 
effective specific heat and thermal conductivity. 
Lowering the temperature of the gas will yield not 
only the heat given off as if the composition of the 
gas were “frozen”, but since the gas is more highly 
associated at lower temperatures, it will also give 
off the chemical heat due to the association of 
some of the monomer molecules that result from 
lowering the temperature. The effect on the effici- 
ency and size of the regenerator should be signifi- 
cant. 

An additional advantage of this power plant is 
the convenient possibility of heating the liquid lith- 
ium with an external oil fired boiler, thus permit- 
ting complete shutdown of the reactor plant for in- 
port operation. 

Inasmuch as the engine requires no valves, gears, 
or timing mechanisms, reliability should be greater 
than that of a corresponding Diesel unit. 

A recent ORNL study has proposed the use of a 
reciprocating piston engine in connection with a 
gas cooled reactor. The concept, while interesting, 
cannot be compared to the Li’ cooled reactor used 
in conjunction with a Stirling cycle hot gas engine, 
as herein described. The small size, lack of com- 
plex reactor mechanisms, high heat transfer rates, 
high engine efficiency, low pumping power, and 
minimum of radioactive contamination are ail vir- 
tues of this reactor which cannot be approached 
in a gas cooled design. 

The anticipated problems in connection with this 
design may be categorized as follows: 


(a) Nuclear, in connection with the use of liquid 
metal coolants, and the design of the re- 
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Figure 6. Relative Piston Position. 


actor. These problems have been exhaus- 
tively explored and are believed amenable 
to present day technology. 


Mechanical, in connection with the design 
of the engine. Considerable work has been 
done on this type of thermal power producer, 
and the problem is essentially one of de- 
termining the parameters and designing the 
engine. Based upon the success of the work 
already accomplished, satisfactory design 
may be reasonably anticipated. 

(c) In connection with the value of the concept, 
and the application of the engineering for 
the “throw away” reactor. These are all con- 
sidered a matter of detail. 

In summary, the following advantages may be 

realized with this design: 

(1) Compactness, simplicity, minimum weight. 

(2) High thermal efficiency. 

(3) Minimized attendant problems due to re- 
quirements of waste disposal and discharge 
of activated air and/or water to the environ- 
ment. 

(4) Simplified maintenance and operation. 

(5) Minimum shielding requirements. 

(6) A practical solution to the problems of re- 
fueling and maintaining a nuclear reactor 

in the field. 


(7) Possible elimination of containment require- 
ments. Reduced hazards. 


(8) Adaptability to multiple uses. Minimum lo- 
cation and site problems. 
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“K” Monel shafts in deck machinery 
can handle the toughest jobs 


Shafting in auxiliary machinery aboard ship 
must be strong and tough, and corrosion-resist- 
ing, to keep vital equipment operating without 
interruption for long periods, both at sea and 
in port. 

“K" Monel* age-hardenable nickel-copper alloy 
is one shafting material with all of these proper- 
ties! 

It possesses the excellent corrosion resistance 

of Seagoin’* Monel alloy together with the 
added advantages of greater strength and hard- 
ness, because “K” Monel is age-hardenable 
(capable of having its properties increased by 
heat treatment). 
More specifically, here’s what ’’K”’ Monel offers: 
High Strength, stiffness, and torsional properties 
to transmit power with minimum vibration. “K” 
Monel has remarkable resistance to fatigue — 
to the repeated stresses a shaft has to undergo. 
Hardness to resist abrasion and scoring. This 
means more protection against shaft wear — 
longer bearing life. 


Corrosion resistance. This nickel-copper alloy 
resists corrosion, pitting, and corrosion fatigue in 
sea water as well as fresh and polluted waters. 
Galvanic neutrality, when coupled with bronze 
pump bodies and bearings. 

Non-magnetic. “K” Monel alloy is non-magnetic 
under ordinary conditions, and remains so down 
to —150°F. 

Time and time again, this seaworthy alloy 
has proved itself, below decks and topside...in 
deck machinery, sleeves, valves, wearing rings, 
springs, and in pumps of all kinds. These are 
only a few uses for this versatile alloy. 

If you would like to know more about “K” 
Monel alloy, write for our 28-page reference 
manual “Engineering Properties of “K” Monel 
and “KR” Monel”. We'll also be glad to answer 
your questions about other high nickel alloys. 
Just write to: 
HUNTINGTON ALLOY PRODUCTS DIVISION 

The International Nickel Company, Inc. 
Huntington 17, West Virginia 


“Inco trademark 


“KR” RAON EL 
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PURPOSE OF PROJECT 


iiscitiuss OF THE regenerative, open-cycle gas- 
turbine drive promised improvement over conven- 
tional propulsion machinery in the following areas: 


a) Easier to operate. The development of the gas-turbine 
engine with its inherently self-contained auxiliaries and 
automatic control features dispenses with the large propul- 
sion equipment associated with a steam-turbine plant; 
namely, the steam-generating system with its required 
auxiliaries of boiler feed and condensing equipment, This 
fact alone justified consideration of a marine gas-turbine 
drive with the goal of reduced manning. 

b) Less maintenance. As a result of eliminating the major 
components mentioned, it becomes obvious that if the main 
elements of a gas turbine, including the combustion system, 
can be developed to have durability and reliability equal to 
a steam-turbine plant, the advantage of the gas-turbine 
plant is clear and less over-all maintenance than a steam 


plant can be expected, and of course, far less maintenance 
than a diesel plant. 


c) Lower specific weight and volume. For a marine in- 
stallation this factor permits greater freedom of machinery 
arrangement within a hull design as well as an increase in 
the cargo deadweight capacity and freight earnings. This 
advantage could not be effectively shown in the Sergeant 
owing to the decision to retain a maximum part of the orig- 
inal auxiliary equipment to reduce conversion costs. 

d) Improved fuel economy. In the power range of the 
Sergeant and with the use of heat-recovery equipment such 
as the regenerator and waste-heat boiler, an improved fuel 
rate was indicated over a modern steam-turbine plant, but 
not over a diesel plant. 

e) Lower installed cost. As gas-turbine development work 
progresses for land installation and in frame sizes needed 
for current and future marine installations, the availability 
of packaged gas-turbine designs is expected to compete with 
other commercial prime movers. The potential saving is the 
lowered cost in shipyard installation work due to the elimi- 
nation of supporting auxiliaries normally furnished and sep- 
arately installed by the shipyard. 

f) Greater power flexibility and less start-up time. Power 
response time on the Sergeant was expected to prove su- 
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perior to a steam-turbine plant primarily due to eliminating 
most of the lag associated with steam generation in a steam- 
turbine drive. The ability of the gas turbine (as shown in 
the Sergeant) to be started and ready for maneuvering in 
less than 20 minute crew time increases the desirability and 
value of the gas-turbine drive. 

g) Adaptability to full automation. While full automation 
is conceivable with any type of prime mover, this practice 
is already a fact on land gas-turbine installations. The com- 
pletely automatic, self-contained gas turbine engine as now 
developed, has few or no engineering problems to overcome 
for its consideration in a completely automated marine 
drive. 

h) Reliability. This most important feature was expected 
to be demonstrated by the gas-turbine unit in the John 
Sergeant and operating experience clearly proved the out- 
standing reliability of this type prime mover in a marine- 
drive. 


BACKGROUND 

The conversion of the John Sergeant resulted 
from original planning initiated by the Maritime 
Administration in 1952 to study and determine the 
economic potential and feasibility of using a gas- 
turbine prime mover for a merchant ship installa- 
tion. This study was subsequently made a part of 
the Liberty Ship Conversion and Engine Improve- 
ment Program involving the conversion of four 
Liberty ships with different types of propulsion 
plants. Contract plans and specifications for the 
Sergeant’s conversion were completed in mid-1954 
with commencement of shipyard work in August 
1955 and delivery of the converted ship in Septem- 
ber 1956 after three weeks of extensive dock tests 
and sea trials. 

Comprehensive design, installation and operating 
information on the John Sergeant has been pre- 
sented in several papers [1-8]. The General Elec- 
tric Company two-shaft, open-cycle gas turbine in- 
stalled in the ship is shown in Figure 1. 

Commercial operation of the Sergeant started in 
October 1956 and was concluded in September 1959. 


OPERATING EXPERIENCE 

Fourteen round-trip voyages were made princi- 
pally to North European ports and under all con- 
ditions of seas and weather. Ship logs show a total 
operating time of 9270 hours on the gas turbine and 
a total of 128,346 nautical miles for the ship. The 
highest average shaft horsepower logged for a 





Figure 1. Two-shaft, open-cycle, regenerative gas turbine 
rated 6600 shp at 80 F inlet-air temperature, 14-stage axial- 
flow compressor, 6 combustion chambers, high-pressure 
turbine connected to axial-flow compressor, low-pressure 
turbine connected through reduction gear to main shaft. 
Maximum firing temperature 1450 F. 
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transatlantic passage was 7260 and the lowest av- 
erage shaft horsepower logged during a crossing 
was 5201. A total of 61,258 barrels of low-vanadium 
type bunker C fuel and 20,631 barrels of diesel fuel 
have been burned in the gas turbines. It is esti- 
mated that the number of gas-turbine starts was in 
excess of 1000. In 9270 hours of service operation, 
the following repairs were accomplished: 

a) Atomizing air compressor failed in service as a result 
of dirt-scored bearings. The spare atomizing air compressor 
was installed, and the damaged one was rebuilt at the man- 
ufacturer’s plant. After rebuilding, the unit was returned to 
the vessel. This repair was effected under the guarantee. 

b) Replaced 6 thermocouples in turbine-exhaust moni- 
toring system. These thermocouples were found to have the 
improper type of insulation for the service temperature. 
Replacement was made by the manufacturer under the 
guarantee. 

c) Repaired starting-turbine self-synchronizing clutch. 
This clutch was damaged by a gas-turbine tripout during 
startup. The steam starting turbine had reached its gov- 
erned speed of 4000 rpm. The high-pressure turbine and 
compressor were accelerating to their base speed of 5000 
rpm when a tripout occurred. As the compressor set decel- 
erated rapidly to the governed speed of the starting turbine, 
the clutch engaged, and the starting-turbine governor ap- 
plied full cranking steam. The shock of this abnormal en- 
gagement was such that severe damage resulted to the 
clutch. The ship’s force disassembled the clutch and in- 
stalled the spare parts. To prevent a reoccurrence of this 
clutch damage, the starting-turbine-governor speed was re- 
set slightly above the overspeed trip setting. This insures 
that during each startup the clutch will remain engaged up 
to 4150 rpm where the starting-turbine overspeed trip will 
function to shut it down. The clutch will be disengaged, 
and in the event of a gas-turbine tripout no damage to the 
clutch can occur. 

d) Dirt scoring of No. 5 turbine bearing, and thrust shoes. 
On a routine inspection this combined journal and thrust 
bearing was found to be badly dirt scored. Although these 
bearings had not lost their original dimensions the scoring 
was severe and it was deemed prudent to install the spare 
bearings. The damaged bearings were rebabbitted by the 
manufacturer and returned to the vessel as spares. 


It should be noted, that of the parts replaced and 
repaired three items are directly chargeable to dirt 
in the lube system, and one item to an oversight in 
setting up the starting sequence system. 

Availability and reliability of the gas turbine 
have been exceptional. Actually no loss of avail- 
ability or stoppage was directly chargeable to the 
gas turbine itself. At no time has the combustion 
system, axial-flow compressor, high-pressure tur- 
bine, or load turbine been responsible for a forced 
outage. All unscheduled outages have been caused 
either by accessories, or some slight malfunction of 
the control system. 

A list of all forced outages of the gas turbine, the 
cause and loss of availability follows: 


a) Failure of atomizing air compressor; caused by dirt- 
scored bearings; detention, 4.5 hours at sea. 

b) Faulty turbine-exhaust temperature detector signaled 
excess exhaust-temperature, tripping out gas_ turbine; 
caused by cracked output air tubing; detention, 5 minutes 
at sea. 
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c) Control malfunction operated gas-turbine fuel-oil 
transfer valve resulting in a tripout; caused by an electrical 
short in the wiring to the motor-operated fuel transfer 
valve; detention, 2.5 hours at sea. 

d) High-temperature tripout of the gas turbine while in- 
creasing power; caused by the temperature detectors being 
completely plugged and fouled by the fuel-oil corrosion in- 
hibitor in ash; detention, 14 hours at sea. 

Note: After this tripout (due to the temperature detec- 
tors plugging) a new type detector was furnished and in- 
stalled. These new detectors cannot plug and this problem 
is eliminated. 


Availability of the gas turbine including its con- 
trols and accessories has been 99.7 per cent. 

Crew training has presented no real problem. 
Personnel of average ability can make the transi- 
tion from a steam-turbine plant to a gas-turbine 
plant in about the same time the change from a 
steam reciprocating engine to a steam-turbine plant 
could be made. The Sergeant was operated with 
two men on a watch. During the operation of the 
vessel, five new operating engineers were readily 
trained, on the ship, and served as replacements. 

The ship’s engineers who operated the Sergeant, 
even though it was a compromise plant, preferred 
the gas-turbine plant to steam plants they had op- 
erated. The ship’s force, both engine and deck, had 
the utmost confidence in the plant. Maneuverability 
of the vessel, as a result of the gas turbine and 
variable-pitch-propeller combination, is far superior 
to that of conventionally propelled single-screw 
ships. This is particularly evident during docking 
and undocking operations. 

During the operation of the Sergeant a large 
number of representatives of shipping companies 
and engine manufacturers, both domestic and for- 
eign, visited the vessel. Practically all of them 
looked with disfavor at the equipment necessary to 
test, clean, and treat residual fuel aboard ship. In 
their minds they were immediately ready to asso- 
ciate far more difficulties with the fuel-processing 
system, than was ever actually encountered in 
service. In addition, since most of the foreign visi- 
tors were either diesel-engine operators or builders, 
they seemed reluctant to accept, as fact, the ex- 
tremely low maintenance on the gas turbine re- 
ported to them by the ship’s engineers. They seemed 
immediately to assume that a gas turbine operat- 
ing on residual fuel would have the high mainten- 
ance they are familiar with in diesels operating on 
intermediate and residual fuels. 

Fuel cleaning and treatment were the only spe- 
cial problems. Both the fuel washing and additive 
systems have performed as intended. There is no 
denying that these systems (as installed in the 
Sergeant) required careful and continuous attend- 
ance on the part of the operating personnel. The 
end result has certainly justified the means. After 
the initial “bugs” were worked out of the wash sys- 
tem, it was trouble-free. The additive system gave 
no trouble at any time. Examination of the turbine 





and combustion system showed that with desalted 
and inhibited residual fuel the gas turbine can be 
a very low maintenance marine-propulsion unit. It 
also showed that corrosionwise, the condition of the 
unit was very nearly as good as it would have been 
had the gas turbine operated on an ideal fuel such 
as natural gas. 


TaBLE I—Bunker C Fuels Wahed— 
Original Properties 





Port of Visc. 
Supply API. SSF/122°F S-% NA-PPM V-PPM 
Southampton ...... 15.5 136 3.79 56 54 
Pm ecg 15.6 177 3.54 42 46 
ENGNG oso ce aw es 18.3 58.4 2.94 5 36 
WES? es tatcshent es - 50.8 2.69 30 26 
Antwerp .......... 12.9 135 3.58 14 40 
Lehavre © ....8258.4 14.2 139 3.48 54 58 
Pe 15.3 176 3.40 12 42 
BIR. = oie edo Ss58 13.5 175 2.07 60 355 
"New. York <...... 18.9 88 1.55 15 60 
(by special 
arrangement) 
*Bordeaux ........ 18.3 58.4 - 20 60 


NOTE: * Denotes fuels washed on vessel. 


Any residual fuel that can be properly desalted 
can be burned in the gas turbine provided suffi- 
cient inhibitor is added to it. Table I lists bunker C 
fuels that have been successfully washed and their 
properties. The average sodium content of the fuel 
after washing aboard the Sergeant was 2.5 ppm or 
less. 

The control system of the gas turbine in the Ser- 
geant was a completely new design, and initially 
required minor modifications. After these guaran- 
tee changes were made, the control system proved 
fully as reliable as the governing system of a steam 
turbogenerator. 

The bridge control was intially installed to test 
out remote gas-turbine control. It was felt that im- 
proved maneuvering could be gained for docking 
and undocking operations, and would permit bridge 
operation at sea in an emergency. 

The bridge control was not used except for trial 
tests. It was found that because of the lag in energy 
build up in the regenerators it was necessary to 
make compensation with the fuel lever to obtain 
the desired ship response. This compensation was 
best made by reading and interpreting certain en- 
gine-room instruments. To make the bridge control 
practical either of two requirements are needed: 


a) The existing instruments on the bridge show propeller 
rpm and gas-turbine exhaust temperature. Additional in- 
struments such as compressor rpm, compressor discharge 
pressure, second-stage nozzle position indicator would be 
required on the bridge as well as an operator to interpret 
the readings and make the necessary fuel-lever adjustment 
to compensate for regenerator lag. 

b) Another function added to the governing system that 
would take a speed signal from the power turbine (used 
only while maneuvering) and utilize it to maintain a preset 
low-pressure turbine speed as energy builds up in the re- 
generator, would make the bridge control adequate for 
completely automatic maneuvering. 
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SHIP’S FORCE MAINTENANCE 

The fuel nozzles were cleaned once every round 
trip voyage (roughly 700 hours). At no time were 
these nozzles actually in need of cleaning. The 
nozzles were cleaned only because it was felt that 
this was good practice. 

It was routine to clean the compressor and tur- 
bines by water washing after each long sea passage. 
Major sea passages averaged 10 days duration. The 
washing of the compressor and turbines was a sim- 
ple operation taking less than 3 hours to complete. 
The compressor was washed (while being cranked 
at 1400 rpm) through spray heads permanently 
fitted in the inlet ducting. To wash the turbines one 
of the fuel nozzles was removed and a hose insert- 
ed in a combustion chamber. With the high-pressure 
turbine being turned by the cranking turbine, and 
the low-pressure turbine being turned by the jack- 
ing gear, the turbine rotors are washed until the 
turbine drains run clear water. 

The washing of the compressor has always re- 
moved the dirt and salt deposits from it, and re- 
stored it to the design efficiency. Since the fuel addi- 
tive deposit left in the turbines is water soluble the 
water washing completely removes it, and restores 
the turbines to design efficiency. 

On the maiden voyage some power loss was ex- 
perienced with salt spray fouling of the compres- 
sor. Vestibules were added to the main air intakes 
to prevent induction of heavy salt spray under se- 
vere weather and ship roll conditions. After this 
structural change was made salt spray fouling 
ceased to be a problem, and the fouling from salt- 
laden air in a 10-day passage was negligible. 


GAS-TURBINE INSPECTION RESULTS 
At the completion of this project, and to obtain 
maximum benefit from this operating experience, 
a decision was made by the Maritime Administra- 
tion to inspect the gas-turbine unit. The inspection 
was directed to those parts that are unique to the 
gas turbine; in general, the “hot” parts, or gas-path 
parts, and the axial-flow compressor. Figure 2 is a 
cross-sectional view of the gas turbine, and indi- 

cates the areas included in this inspection. 
In an inspection of this type, it must be remem- 
bered that the condition of parts, or life of part, is 
a function of type of service. The type of fuel 











3 
Figure 2. Cross section of gas turbine showing location of 
major parts inspected. 
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burned is significant, with residual oil representing 
the most severe condition as compared to diesel fuel 
or natural gas. The number of starts is significant 
due to the “thermal shocks” that accompany each 
start or stop. As noted earlier in the paper, the 
starts were frequent. The load cycle is significant, 
with relatively constant load representing the best 
condition, and frequent and large load changes rep- 
resenting the more severe condition. As would be 
expected in a marine application of this type, most 
of the operating hours are at sea with relatively 
constant load. 


Azxial-Flow Compressor 

Prior to this inspection, and in keeping with nor- 
mal operating procedures, the compressor blading 
was washed with fresh water while being cranked 
at approximately 1400 rpm. Figure 3 shows the 
compressor blading as inspected; the upper casing 
was not fully removed. The blading showed very 
slight signs of erosion on the forward face, prob- 
ably as the result of various abrasives inducted with 
the inlet air. 





Figure 3. Axial-flow compressor rotor blading at 9270 
service hours in ship. 


Slight mechanical damage was noted. One sec- 
ond-stage blade had a 1/32-inch dent on the leading 
edge; four ninth-stage blades showed 3/32-inch 
dents on the leading edge. The source of this dam- 
age was not determined. 

The only indication of corrosion evident was light 
pitting near the base of the tenth-stage rotor blades. 
The inlet guide vanes were covered with a light 
coat (0.003 to 0.008 in.) of black scale and dirt. 

All other blading inspected was found to be free 
from evidence of rubbing, corrosion, mechanical 
damage or deposits. The compressor section was 
considered to be in excellent condition and can be 
returned to service without repair or replacement. 


Combustion System 

Figure 4 shows the combustion liner as‘inspected, 
and Figure 5 is the combustion-cap as inspected. 
The liner is in almost perfect condition with no 
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Figure 4. Combustion liner after 9270 service hours in 
ship. 


louver cracks, no distortion, and only a minor 
amount of galling at the liner discharge where it 
makes a slip fit with the transition piece, The cap 
is also in excellent condition with one small area of 
corrosion on the downstream edge of the cylindri- 
cal piece, and two welds cracked on the fuel-nozzle 
bushing. Corrosion of both parts, although present, 
resulted in very little discernible loss of metal. 

Three significant factors affecting life of parts 
were listed earlier in this paper. In the case of these 
combustion parts, there are other significant con- 
siderations. The combustion headers are designed 
and arranged to provide good air distribution 
among the combustion chambers and good approach 
conditions to each chamber. Fuel flow to each com- 
bustion chamber is matched by a positive-displace- 
ment pump to give equal loading to each chamber. 
A feature of the two-shaft, variable second-stage 
nozzle machine is the ability to vary the output 
horsepower by changing compressor speed and 
maintaining relatively constant firing temperature; 
thus temperature changes in the combustion sys- 
tem are minimized. 

The condition of fuel nozzles affects combustion 
chamber life. Maintenance on these nozzles was 
discussed earlier in this paper. The combustion sys- 
tem can be returned to service without repair or 


replacement. 


First-Stage Nozzle 


A detailed examination was made on the upper 
half of this nozzle ring. No corrosive attack could 
be detected at any point on the partitions. This was 
emphasized by the observation that original test 





Figure 5. Combustion cap after 9270 service hours in ship. 


impact probes on the partition leading edge were 
still sharp and showed no signs of deterioration. 
Also the trailing-edge thicknesses were all within 
the original tolerance. 

There was no trailing-edge distortion whatsoever, 
but a total of 22 trailing-edge cracks were noted in 
21 partitions, generally located toward the outer 
diameter. The maximum number of cracks in any 
partition was three, and the cracks did not exceed 
0.375 inches in length. These cracks are thermally 
induced, and are somewhat a function of number of 
starts. This condition requires no repair unless 
cracks extend further axially or turn radially. Both 
inner and outer partition rings were in good condi- 
tion, and there was no indication of combustion-gas 
leakage through these rings. 

A material sample was removed from the trailing 
edge of one partition, and a metallographic exami- 
nation was made. As all of the partitions in this 
upper-half nozzle ring appeared to be in the same 
condition, it was concluded that this sample was 
typical of all partitions in the first-stage nozzle. 

Examination of the sample and hardness checks 
indicate that the trailing edge of this partition op- 
erated at an average temperature between 1400 and 
1500 F (design firing temperature 1450 F). Inter- 
granular penetration in the metal was slight, being 
0.004 inches mean and 0.010 inches maximum. The 
nozzle assembly can be returned to service without 
repair or replacement. 


Second-Stage Nozzle 

The second-stage-nozzle partitions were exam- 
ined without removing from the turbine shell. These 
partitions were found to be in very good condition 
with no evidence of mechanical damage or corro- 
sion. 


Turbine Buckets 

Liquid-penetrant tests were performed on first 
and second-stage buckets. All turbine buckets were 
found free of cracks, and still maintained their orig- 
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inal cold clearance in the dovetail attachment at the 
turbine wheel. The dovetail attachment was par- 
tially visible. This area was found to be clean, 
bright, and free of cracking, thus confirming design 
expectations of the wheel cooling air system. All 
turbine buckets were found to be sound and free 
from physical damage. 
Prior to this inspection, the turbine buckets were 
washed with fresh water to remove oil-ash depos- 
its. After washing, all oil-ash deposits were removed 
except for a hard adhering scale found on all sec- 
ond-stage buckets. This deposit was hard and mag- 
netic. A spectrographic analysis revealed the fol- 
lowing constituents: 
Per cent Per cent 
Ween eee Comte ¥ 0 ON oki cdek ci odes. 03 - - = z oasiiail ne 
tam heeee dete meee 07 ee end uegnees prot Figure © & General biol: turbine area after 9270 service 
AMNAGIUM .nccseseeeces J WOMCL cccccccccccccccce le ours in showing ine buckets, interstage gas path 
Magnesium ...........- 06 Molybdenum .......... 0.12 and combustion transition piece (nozzles removed). 
This scale is principally the result of oxidation of 
the buckets, although the magnesium and vanadium DESIGN IMPROVEMENTS FOR NEW SHIPS Fig 
content results from the treated oil products of In addition to the compressor washing and grit- J] clean 
combustion. It is believed that this scale is shucked cleaning systems, similar provisions are recom- 
or sluffed off at each startup due to rapid tempera- mended for the turbine. Figure 7 shows a sketch of | unit 
ture changes on the bucket surface. both a built-in turbine water-washing arrangement | quir 
Gas Path and a neg grit-cleaning system. The washing | 
Figure 6 shows the over-all turbine area includ- TS ee acilitate ~— g 5 — whe 
ing first and second-stage buckets and the hot-gas ses are — —— eryecie ™ g tel ‘ 
path. The entire area was found to be in good con- a ono pies 4 “angst a. a meh 
iti i i cement. , : SL ee P 
dtlen and. qeqsiem ne: segels, oe ngrannimns higher vanadium fuels where additive plugging of ol 
deta ie celal the turbines may require cleaning under load to Ship’: 
sng ete hae teal te onl maintain satisfactory turbine efficiency. Lube 
e xam anal - a Abili' 
tion of critical hot parts of the gas turbine unit after Although it was never necessary to change out a var 
9270 hours of marine operation show that no re- fuel nozzle under load, o- felt that this is a desir- Avail 
pairs or replacements are required. It is, therefore, able feature. It is possib e to do this on the Ser- } Main 
possible to estimate a schedule of future mainten- geant, but the construction of this removable nozzle aha 
ance for these critical parts as shown in Table 2. assembly could be simplified. aa 
Auxiliary equipment of the gas-turbine unit such The “come home” emergency turbine proved to 
as the attached fuel, lube and cooling-water pumps, be unnecessary and should be eliminated. In a sin- Te 
and governor system will require routine and nor- gle-screw ship an attached ship’s service generator } lube 
mal maintenance comparable to similar type equip- could be installed and arranged to serve as an be e 
ment found in conventional drives. emergency propulsion motor in the event of a main 
ou 
TaBLE 2—Expected Repairs on Critical Components of pe 
John Sergeant Gas Turbine ony 
4 Yr. Periodic | Tb. whis. * ae sii Combustion cond 
Estimated Hours Blades a. None Buckets Nols Soe: & tine gas | 
No. 1 Survey Minor age 
20,000 Hours 0 0 Repairs 0 0 0 Replace = 
ict: 
No. 2 Survey sad 
40,000 Hours 0 0 Replace Notel 0 0 Replace C 
No. 3 Survey Minor back 
60,000 Hours 0 0 Repairs 0 0 0 Replace cont 
No. 4 Survey prop 
80,000 Hours 0 0 Replace Notel 0 0 Replace js 
i. 5 -Seenenns pa and dependent on condition found at time of survey. Replacement of buckets can be made in place k 
out rotor removal 
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Figure 7. Built-in fresh-water turbine wash and grit- 
cleaning systems. 


unit casualty with power supplied from the re- 
quired stand-by generators. 


TaBLE 3—Evaluation of Gas Turbine Unit 


Performance 
Expected Actual 

BHP (normal)........2.2.0% 6,000 6,100 (approx.) 
Overload potential (SHP).... 7,500 in excess of 7,500 
Ship’s specific fuel........... 538 522 
Euabe Oil ConS.........6 0.5500 nil 1.0 gal/day 
Ability to use low 

vanadium residual fuels... . good excellent 
MUURRIMDNIERY sc.5svcccc vic cceece high 99.7% 
Maintenance................ low low 
Crew watch........ ipa ecu costars 2 2 
NNN oes 6 o's tis ace wees normal normal 
Response to controls......... excellent excellent 


To reduce cost, weight, and for simplicity, the 
lube-oil gravity-tank system and its controls should 
be eliminated. An attached lube-oil pump to serve 
both the gas turbine and double-reduction gear 
should be provided. The stand-by electric-driven 
lube-oil pump should be on battery back up. 

The shaft-brake system on the Sergeant did not 
prove adequate. It would appear that a zero power 
condition can be achieved by blowing off sufficient 
gas ahead of the load turbine, or similar arrange- 
ment, and should be investigated. This system 
would eliminate the objectionable features of a 
friction brake in bringing the load turbine to rest, 
and would be relatively maintenance free. 

Considering an unmanned engine room, battery 
back up should be provided for the gas-turbine 
controls, including all the electrically driven vital 
propulsion auxiliaries such as: 


a) Lube-oil pumps. 
b) Fuel-oil booster and additive pumps. 


c) Fuel-oil dispersator. 
d) Cooling-water pumps. 

Shipboard arrangement of the gas turbine piping, 
and ducting should be made to facilitate inspection 
and maintenance of the gas-turbine components. 
The regenerator should be located preferably be- 
low the gas turbine both for improved ship stabili- 
ty, and to eliminate the need for dismantling duct- 
work when the gas turbine is opened for inspection 
and maintenance. 

Elimination of the steam starting turbine is rec- 
ommended, and electric motor cranking should be 
provided in its place. 

Increased clean-oil storage should be provided, 
sufficient for at least 10 days of full-power opera- 
tion. This would greatly reduce normal crew over- 
time and further increase clean-oil operation reli- 
ability. 

Advantage should be taken of all the latest de- 
velopments to further improve efficiency and ease 
of operation. Some of these developments are as 
follows: 


a) Use of magnesium-oxide fuel additive to reduce 
handling and storage to a minimum. 

b) Use of latest technology to provide a completely in- 
tegrated package fuel-washing system. 

c) Use of higher temperature cycles. 


Evaluation of Gas-Turbine Unit Performance 
Table 3 shows a comparison between expected 
performance and actual performance. 


CONCLUSIONS 

Service experience of the gas turbine in the John 
Sergeant has demonstrated its high adaptability 
and favorable potential for a marine drive. Low- 
vanadium residual fuels are readily handled with 
an on-board fuel-treatment system and availability 
of satisfactory residual fuels in several European 
bunkering ports has greatly broadened the operat- 
ing range of a gas-turbine ship. 

The John Sergeant has demonstrated the prac- 
ticability of operating a residual-oil-burning gas- 
turbine plant with two men per watch, even con- 
sidering the unfavorable washing arrangements 
imposed by conversion compromises in this project. 
It was found that only the fuel-oil-treatment sys- 
tem required continuous attention by a watch 
stander. 

A fuel-oil-treatment system with improved ar- 
rangements and designed to be fully automatic 
would permit operation of the Sergeant with one 
man per watch. 

The Sergeant could be operated with no engine- 
room watch standers by supplying prewashed and 
pretreated residual oil to the ship or by the use of 
the lowest grade distillate fuel that meets fuel-oil 
specifications. 

The superior operating characteristics shown by 
the Sergeant, and especially its adaptability to re- 
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duce crew costs, leads the authors to conclude that 
unless nuclear propulsion succeeds in displacing all 
large conventional marine drives the application of 
the marine combustion gas turbine has a very 
promising future. 
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SURVIVAL TO DEPEND ON SPLIT-SECOND CALCULATIONS 
OF ELECTRONIC BRAINS IN EVENT OF MISSILE ATTACK 


American military commanders would have the information necessary 
to launch a retaliatory attack only ten seconds after the first enemy mis- 
sile is detected in the event of a sneak attack upon the United States and 
Canada, it was revealed on 19 October 1960. This is all the time that is 
needed by the complex electronic data processing equipments of the Air 
Force's Ballistic Missile Early Warning System (BMEWS) to determine 
speeds, trajectories, time and area of impact, and the points of enemy 
launches. 

In an address to the Institute of Radio Engineers, Mr. James E. Sloan 
of the Radio Corporation of America stated that because of the fantas- 
tic speed of the data processing equipment vital alarm level information 
is made available to U. S. Strategic Commanders so that our retaliatory 
forces can be on the way to designated enemy targets before the first 
hostile ICBM hits American soil. 


"In the past, warning and retaliation have been measured in hours and adv 
minutes,"' Mr. Sloan told the IRE gathering. "However, in today's space nolo 
age, with ICBM's traveling at speed exceeding 15,000 miles per hour, ac- ot 
tion for our survival will be accomplished in seconds. tte 

"If we were to be attacked today from beyond the northern polar re- leng 
gion the radar data takeoff and missile impact prediction computers of pare 
BMEWS would make split second calculations which would be instantane- pect 
ously transmitted to NORAD at Colorado Springs and SAC at Omaha. 

At these vital combat operation centers another computer, the display Ic 
information processer would process the information in a few seconds so pro; 
that it can be made available to our military commanders on the stra- gral 
tegic displays at NORAD and SAC. All of this, from the moment the eve: 
missile is detected takes less than ten seconds." te 

cis 
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ca THE predictable impediment to successful 
advanced missile and spac? programs is not tech- 
nology but is organization and administration has 
been attributed to the late John Von Neumann. 
Devising helpful rather than impeding techniques 
constitutes the most urgent and demanding chal- 
lenge to management staffs today. The following 
paragraphs concentrate on the informational as- 
pects of organization and administration. 


NEEDED—BETTER INFORMATION: 

Ideally, budgeting and auditing, reporting and 
program review of men at work in scientific pro- 
grams should assist the advance of technology at 
every level. 

Management staffs can contribute by making 
available pertinent and timely information for de- 
cisions by scientists and by those responsible for 





allocating resources. Decisions, both scientific and 
economic are never consistently better than the in- 
formation on which they are based. Poor manage- 
ment decisions have, unhappily, compounded the 
troubles of this country’s military hardware devel- 
opment programs; poor information and informa- 
tion gaps, as well as excessive quantities of irrele- 
vant information, have also been contributing fac- 
tors. 

Von Neumann’s warning of the threat to ad- 
vanced missile and space systems reflects his aware- 
ness that the on-coming missile and space programs 
differ fundamentally from currently successful mass 
production programs, such as steel, transistors, ball 
bearings, telephone equipment, and automobiles. 
Since organization and administration reflect the 
nature of the basic activities being performed, a 
brief analysis of these differences is presented. 


A.S.N.E. Journal, November 1960 773 








MANAGEMENT INFORMATION 





BRAGGS AND HINCKS 





DEVELOPMENT PROGRAMS VS MASS PRODUCTION 


Missile and space programs are essentially de- 
velopmental, with a “one-of-a-kind” product; mass 
production is essentially repetition of nearly identi- 
cal cycles of work with multiple like products. The 
number of units planned for production in missile 
and space programs is small compared to mass pro- 
duction programs. 

Along with the differences in production activi- 
ties inherent in the different number of units pro- 
duced, are differences in the magnitude of changes 
in the physical specifications of units produced se- 
quentially. “Product Improvement” in mass produc- 
tion is evolutionary, accomplished by introducing 
marginally improved machine or process or raw 
material. Between successive blocks of production 
of one missile, there are revolutionary changes. The 
extent of this is attested by the missile fraternity’s 
motto: “If it works, it’s obsolete.” 


TO THE UNKNOWN THROUGH THE FAMILIAR 


These sharp performance characteristic changes 
between successive models of one missile should 
not obscure the working process by which they are 
accomplished. The bulk of the operations performed 
by all the sub-units of a development program are 
within the state-of-the-art known when the pro- 
gram is initiated. An aggregation of known and 
tested steps, with the addition of a restricted num- 
ber of novelties from the laboratories, results in a 
new missile or spacecraft with startingly different 
performance. Because so much is known and be- 
cause the unknowns can be isolated, management 
staffs can contribute a useful information structure. 


INFORMATION ON REPETITIVE WORK CYCLES 


Historically in the mass-production processes, the 
procedures of budgeting, reporting, and program- 
ming have been developed and applied so as to en- 
hance management control. Information about the 
production process has been recorded, gathered, 
and reduced, becoming an essential part of decision- 
making. During the last half century, work meas- 
urement, time and motion studies, job and quality 
standards of all kinds, including costs, have been 
developed by observation of men working and by 
introducing refinements in processes as the work 
cycle is repeated again and again. The capacity of 
human beings and machines to do physical work 
has thus been measured and codified so that rea- 
sonable estimates in these areas may be made con- 
cerning the time required, equipment needed, phys- 
ical specifications of the output, and costs antici- 
pated for analogous future work. 

Where the physical specifications of the product 
to be developed and made represent a quantitative 
jump over the specifications of existing items, such 
as a new generation missile compared with an oper- 
ational missile, there is currently no generally ac- 
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cepted set of procedures and data that will produce 
demonstrable estimates of time required, equip 
ment needed, and of costs. 


DESCRIPTION AND MEASUREMENT AS PRIME 
REQUIREMENTS 


There are two prime requirements in the field of 
information for management in any program—de- 
velopment or mass production—which must be met 
if rational decisions are to be made, if management 
is to be recognized as a help rather than a hind- 
rance to getting the job done. The first requirement 
is a written description of the program in terms of 
final product desired, quantity and quality, time 
phasing and cost. The second is the continuing 
measurement of day-to-day milestones passed, 
amounts expended, and physical quantity and qual- 
ity of each piece part and assembly made. The 
measurement of events and physical qualities and 
the units of measure in which they are recorded are 
the raw material of the informational structure. 
What to measure and units of measure to be used 
must be specified in advance, so that, as work pro- 
gresses, numbers are generated which will fit into 
analyses of status, potential trade-offs among time- 
cost-performance and reliability, and predictions of 
levels of accomplishment in each of these interre- 
lated areas. 

Essentially, these two requirements are necessary 
if data about day-to-day operations are to provide 
the basis for predicting the future of the program. 
Useful predictions, particularly those of time and 
cost, are currently realized, or are realizable with 
modifications of existing management techniques, 
accounting practices, and quality controls. How- 
ever, the current practices in measurement and 
data reduction, in the opinion of the authors, do 
not at the present time permit predicting reliability 
of complex end-items assembled from multiple com- 
plicated components. Research is needed in the 
decade of the 60’s to achieve realistic reliability 
predictions for space hardware. 


DESCRIPTION AND MEASUREMENT IN MASS PRODUCTION 


In mass production, existing techniques of issuing 
production orders in objective terms, usually quan- 
titative, recording and reporting the actions of 
those ordered in the same objective terms and units 
of measure, committing resources with orders and 
keeping track of costs, and quality control sampling 
and charts, meet the test of both requirements— 
description of objectives, and measurement of ac- 
complishment. In repetitive programs the steps be- 
tween the order and the accomplishment are more 
or less completely documented before the decision 
to proceed and before the action starts; cost his- 
tories and physical quality standards are available. 
The documentation is essentially in the form of 
specifying a step, and the associated quantities, that 
must precede by so many days or months the com- 
pletion date. Each step, its quantities, cost, physical 
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tolerances, and timing, cumulate into the whole 
program and such a program is repeatable without 
much change for varying quantities of output. The 
sequence of the actions to be taken, as well as the 
individual actions themselves, are described and 
documented on the basis of historical data. Results 
at the end of a cycle can be predicted* with a rela- 
tively high degree of confidence at a point in time 
within the cycle, or before its start. 

The challenge to management staffs is in develop- 
ment programs—to provide such an information 
structure without having as much time-proven his- 
torical documentation as in the case of a repetitive 
production cycle. 


DESCRIPTION AND MEASUREMENT IN DEVELOPMENT 
PROGRAMS 


In a development program, the information struc- 
ture requires a framework from the scientific lead- 
ership. The required structure is a conceptional 
forecast and organization commitment, in outline 
form, of what the program is to develop (quantity, 
quality, and performance specifications), with esti- 
mated costs, time required, and major interim goals 
which must be achieved on the way. Documenta- 
tion by staff of this outline will record program 
definition in terms of work to be done, adequate to 
initiate an orderly process of subdividing total 
effort into smaller units of effort. The subdivision 
process must be continued (though not for the en- 
tire program concurrently) until specific tasks are 
identified, which closely resemble other known 
tasks for which documentation exists. 

At this point of program subdivision, predict- 
ability begins to become possible. A work project, 
with time, cost, and quality specified quantitatively 
and objectively, can reasonably be set forth. Man- 
agement knows it is not asking the impossible, the 
doers know the boundaries around the task. This 
type of predictability is important, both in knowing 
that the job will get done, and in knowing that get- 
ting the detailed job done will contribute to reach- 
ing the long-range program objective. 

Thus, the first requirement mentioned above, can 
be met, in part and with increasing resolution over 
time, by subdividing the scientists’ total program 
until “predictable” work assignments are reached. 
Unlike a mass-production cycle, however, this de- 
gree of subdivision cannot be documented for the 
entire program initially. Large gaps must of neces- 
sity be left. A year or more in the future shows a 
decline in detail which reflects contingencies, as yet 
unresolved, because intervening steps are still to 
be taken. Subdividing to “predictable” work assign- 
ments is a continuing process, within the frame- 
work of the entire program. 

Again in the case of development programs, the 





*In the area of reliability, most effort has been devoted to pre- 
dicting piece part characteristics. ppc ota A little has been pub- 
lished on - reliability of assemblies from data on con- 
Stituent piece 


second requirement, day-to-day measurement for 
predicting, trading-off, and internal readjustments, 
can be met by internal procedures. For each work 
assignment that is underway, actions taken are re- 
corded along with amounts spent and the physical 
characteristics of the product being worked on. 
These measurements are pursuant to a pattern cen- 
trally specified in advance. Records must be cumu- 
lated centrally, and the data reduced for compari- 
son with the orders starting each work assignment, 
and for other analyses. 


THE INFORMATION STRUCTURE 


Preparing documentation of the proposed steps 
in development programs, with associated time-cost- 
performance and reliability magnitudes, and estab- 
lishing the necessary records and procedures are 
the areas in which management staffs are creating 
new methods today. Current work can be summar- 
ized as: 

Program Forecast: A written description outlining 
what is to be accomplished and the total effort con- 
templated, showing the participations of organiza- 
tions in terms of start times and completion times 
for the role of each, with the major events to be 
accomplished specified by calendar dates. This doc- 
umentation includes cost estimates for major sub- 
divisions of effort as well as total estimated cost, 
and shows the interrelationships among organiza- 
tions in their several contributions to the final ob- 
jective. 

Within each participating organiza- 

tion, including the one having top 

program management responsibility 

the following are essential: 


Record of Events and Up-dating Forecast of: 


As the project is worked on, (a) gathering and 
displaying the historical record of achievement with 
dates of accomplishment of stated interim objectives 
and related actual and physical descriptions of out- 
puts, and (b) as the project matures, revising the 
remaining forecast with appropriate fill-in of de- 
tailed objectives and work assignments for the near 
future with related revised cost estimates and re- 
source commitments. 


Work Assignments and Resource Commitments: 


Established method of record, consistently used, 
for ordering a named unit of the organization 
to carry on activities necessary to accomplish a 
named objective by a certain calendar date, identi- 
fying the objective in terms of events set forth in 
the current advance outline or network, and for 
authorizing the use of specified quantities of re- 
sources (men, dollars, materials, facilities) as a 
concurrent organization commitment. 


Upstream Reporting: 


Established method of record, also consistently 
used, for the individual named in such an order to 
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report directly to the orderer any occurrence as it 
happens, which in his judgment affects prior esti- 
mates of time of delivery, or the adequacy of the 
authorized resources commitment or likelihood of 
the physical nature of the product under develop- 
ment falling outside specified tolerances. Reported 
events include the accomplishment of interim ob- 
jectives as they are achieved. Use of resources is 
not reported through this channel. 


Cost Accounting: 

Cost accounting systems to relate actual costs to 
work authorizations, providing total project cost as 
a summary of costs accumulated to individual 
authorizations and having available subtotals re- 
lated to appropriate groupings of authorizations 
and subtotals of categories of cost. 


SOME ANALYSES FROM THE INFORMATION STRUCTURE 


Specifying units of measure and what shall be 
measured in each program assures the development 
of compatible data for decision-makers. The mass 
of data in any sizeable program must be brought to 
manageable compass by reduction through studies 
and analyses. Although beyond the scope of this 
paper, it is useful to indicate some of the analyses 
for whose preparation the information system is 
designed and operated. 


Selection of One Program from Competing 
Proposals: 

Since resources are limited, the cost of the means 
to accomplish a given mission, including the hard- 
ware, is critically important in selecting which pro- 
gram to fund for a given mission. The proposed 
magnitudes of time, cost, performance, and relia- 
bility, as estimated by competing contractors, must 
be in such terms and units of measure as to be used 
directly by those evaluating alternate means of 
completing missions. Where this can be accom- 
plished, a value basis is provided for choices be- 
tween competing proposals, even though the hard- 
ware involved may be dissimilar. 


Program Progress: 

After funds are committed to a specific develop- 
ment, the information system herein described pro- 
vides the basis for assessing program progress, and 
for isolating potential trouble spots in time for 
remedial action to be taken. This type of analysis is 
critical when multiple organizations each have 
dovetailing responsibilities to produce a final com- 
plex system. 


Trade-Offs Between Time-Cost-Performance and 
Reliability: 

The trade-off concept flows from the inevitable 
changes that are made as a development program 
matures. At any stage in the work, the targets of 
time, cost, reliability, or performance may be re- 
valued as too low or too high or out of balance. If 
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the dollar cost appears too high, the program can 
be stretched out in time for example as a trade-off 
with the performance and reliability targets held 
constant. Within fixed limits of time and cost, per- 
formance goals may be raised, with a trade-off in 
relaxing reliability. When the targets are out of 
balance beyond the limits of tolerable trade-off, a 
Stop-Loss is clearly indicated. It should be noted 
that the “out of balance” of the targets may not 
reflect on anything in the program under considera- 
tion, but upon developments in other collateral pro- 
grams, or budget cuts imposed by higher authority. 
In any event, the information structure under dis- 
cussion is designed to provide the data for assessing 
potential trade-offs on a quantitative basis. 


Predicting Accomplishment-Cost-Performance and 
Reliability: 

These predictions are of fundamental importance 
for effective system management. The adequacy 
with which these predictions can be made is an im- 
portant measure of the quality of the information 
system. It should be noted, however, that the in- 
formation generated within any development pro- 
gram can only handle factors within the program. 
Insofar as the program is affected by external fac- 
tors, separate but compatible treatment is required. 

Furthermore, as of today, predicting reliability 
of complicated missiles and space vehicles in the 
early development stages lacks adequate formula- 
tion and methodology as noted above. 


Stop-Loss Analysis: 

At any time, the expected completion of a pro- 
gram may be judged of marginal value in terms of 
predicted time-cost-performance and_ reliability. 
This judgment may arise from external causes, 
such as new missions, break-throughs in other pro- 
grams, and funding changes. This judgment may 
also result from analyses internal to the program, 
such as predictions of levels of future program ac- 
complishments and trade-off studies. 

Whatever causes the judgment that the value of 
completing the project is marginal, the information 
structure should provide for a separate Stop-Loss 
analysis. The implications of a decision to stop are 
so far reaching that an audit study is warranted. In 
the continuing battle for funds, a stop-loss analysis 
which displays the quantitative implications of pro- 
gram cancellation has defensive value for any pro- 
gram and conservative value for the economy. 


Step-By-Step Resolution: 

In the early stages of a development program, 
the starting conditions and the ultimate desired 
goals are usually understood in significantly greater 
detail than are the program steps in between. The 
current facts as to available funds, the state-of-the- 
art, and the near-term rates at which resources can 
be made available, are generally known. The ulti- 
mate objectives of the program are often specific, 
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no can reflecting the user organization’s operational needs ing discussion. The Program Forecast is basically a 
de-off some years in the future, without respect to precise recording of the technical concept of the work in- 
held methods for meeting them. volved to reach the goals set forth, within accept- 
» per- The lack of information between the beginning able confidence limits for eventual success, which 
off in and the end of the program is normal and to be has been coordinated with executive management 
ut of | expected. Part of the lack of specific information is and is supported by the latter as an organization 
off, a | due to the absence of knowledge which will be ob- commitment. All other aspects of the information 
noted tained as the work progresses, and part of it is due structure stem from this original statement. 
y not | to the inability to predict the detailed results of The judgment displayed in the Program Forecast 
idera- work not yet done. exists, qualitatively, in the initial phases of every 
I pro- An information structure is essential for the or- development program under present practice, with 
nity derly resolution of these unknowns, step-by-step. quantitative understanding among management of 
r dis- | Detailed schedules for near-term future work are at least the orders of magnitude of effort contem- 
sease developed within an informational framework of plated. It is the recording of this judgment and un- 
the ultimate goals. As the program matures, the derstanding, with time-cost-performance and reli- 
> and historical data are assembled concerning immediate ability in explicit scalar terms, which has been 
past accomplishments; these data make possible in- missing all too often. : 
tansel creasing detail in the specifications of realistic next It is the thesis of the authors that responsible 
steps. Hence the structure provides the basis for scientists will en appreciatively, 2 
a tthe tae eek tad sok lees Regal Mek ment staff contribution which reduces the original 
Se ee ee ee ee ee ee judgment and understanding to writing and builds 
oar. gets. an information structure thereon that will meet the 
ofbe CONCLEMEON:-n PERE SiecE OF sCKENTIFIC communication needs of the scientists with mini- 
Basses si aciliaiaians mum demands on their participating time and 
rg which will, concurrently, meet the analytical needs 
= The discerning reader will recognize the primary of other decision-makers, such as those who control 
ren role of scientific leadership throughout the forego- the allocation of resources. 
bility 
n the 
mula- 
The Navy's second nuclear-powered submarine, USS Seawolf, was re- | 
commissioned by telephone, at the Electric Boat Division of General Dy- 
| pro- namics Corporation at Groton, Conn. on 30 September 1960. 
ms of ‘ - : 
bility. Heavy rains prevented the traditional dockside ceremony at General 
auses, Dynamics Corporation's Electric Boat Division, forcing commissioning 
r pro- officials and guests to proceed with the formal ceremony in the Division's 
| may cafeteria. 
na al As Vice Adm. Charles Wellborn, Jr., Commandant of the Third Naval 
District, read the orders placing the high-speed attack submarine in com- 
ne al mission, the word was relayed by phone to the ship where the ensign, 
ration union jack and commissioning pennant were hoisted. 
a Four former Seawolf commanders were on hand for the re-commis- 
ad. te sioning and the Seawolf was welcomed back into Navy service as a "val- 
alysis uable and badly-needed addition to the Fleet." The event took place just 
f pro- six years after the commissioning of the USS Nautilus, first of the A-subs. 
fice The Seawolf was launched at Electric Boat Division on July 21, 1955, 
and commissioned originally on March 30, 1957. She was de-commis- 
sioned on March 27, 1959, for a change of atomic power plants after 
gram, having traveled 71,609 miles and is now equipped with a new pressurized 
a water reactor designed to give greater speed and endurance. 
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10 REASONS WHY 


You Improve Vessel Performance, 


Cut Operating Costs with 
KAMEWA Controllable Pitch PROPELLERS 


1. KaMeWa controllable pitch fits the propeller to the 
hull under all conditions of sea, speed and load. 


2. Vessels operate with optimum engine speeds for full 
horsepower utilization, minimum fuel consump- 
tion. 


3. Automatic pitch control prevents overloads, pro- 
longs engine or turbine and gear life, cuts mainte- 
nance costs. 


4. Controllable pitch means better control of all 
speeds from full ahead through dead slow to full 
astern. 


5. Direct bridge control means all maneuvers are sure 
and prompt — no signaling delays, no possibility of 
confusion. 

6. Better maneuverability and ship handling ease saves 
time entering, docking, undocking and leaving port 
or working locks and narrow channels. 


7. Better maneuverability also means greater safety, 
cuts accident costs, damage losses and repair delays. 


8. Varying propeller pitch lets you adjust for load and 
sea conditions — vessels make better speed running 
light, loaded or in heavy weather. 

9. Faster speeds, lower operating costs, less mainte- 
nance mean lowest ton-mile costs. 


10. More than 500 installations totalling over 1,000,000 
horsepower have demonstrated the superiority and 
complete dependability of KaMeWa Controllable 
Pitch Propellers in all types of vessels and service. 

Ask us to prove the advantages of KaMeWa Controllable: 
Pitch Propellers with detailed facts and figures. For com- 


plete information, write Dept. NE, Bird-Johnson Com- 
pany, South Walpole, Massachusetts. 
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LIQUID METAL HEAT EXCHANGERS 


THE AUTHOR 


was graduated from the U. S. Coast Guard Academy in 1953. Since that time 
his assignments have included both deck and engineering duty afloat and 
command of a Loran Transmitting Station. In June 1960 he completed the 
three year postgraduate course of Naval Construction and Engineering at 
Massachusetts Institute of Technology. 


ia, METAL HEAT exchangers are basically not 
new in practical applications. Mercury boilers have 
been in use for commercial power generation since 
1922. These generally operate with a high mercury 
temperature of 950-1050°F (in the vapor stage) and 
evaporate water at 400 to 600 psi in a mercury con- 
denser. A less sophisticated application, which was 
initiated more than twenty years ago, is hollow en- 
gine exhaust valves which are cooled by sodium. 
At operating temperatures the sodium (melting 
point 208°F) is liquid and fills about sixty per cent 
of the hollow. By splashing as the valve moves, the 
sodium is quite effective in transferring heat from 
the hot top of the valve to the stem and on to the 
valve guide. 

More recently, the liquid metal heat exchanger 
coupled with a nuclear reactor, as used in the sub- 
marine SEAWOLF, has increased general and spe- 
cific interest in liquid metals as heat transfer media. 
This plant used one of a system of sodium-potas- 
sium alloys which are gaining in popularity and for 
which there is a growing body of experience and 
information. Any and all of the various composi- 
tions in this system are generally referred to simply 
as NaK. 


Most important among the reasons for using 
liquid metals is the fact that their heat transfer co- 
efficients are among the highest known. In addition, 
they are elementary substances and do not decom- 
pose, polymerize, carbonize, etc. These advantages, 
especially the high heat transfers, are compelling 
enough to maintain interest even despite the disad- 
vantages and problems which will now be con- 


sidered. 
Wetting 


In order to realize the high heat transfer rates 
possible it is necessary that the liquid metal wet the 
heat transfer surface. If wetting is not accom- 
plished, and the heat transfer rate designed for is 
not attained, tube temperatures will soar and fail- 
ure from overheating can occur in seconds. In the 
early mercury boilers this was a practical problem 
which required a great deal of research and testing. 
In this case this solution is addition of 5x10“ to 
1x10- per cent titanium and 0.002 to 0.012 per cent 
of magnesium which assures that the mercury wets 
the steel in the boiler tubes. Other liquid metal and 
tube combinations have required different treat- 
ments. 
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Corrosion 


In agreement with broad and common usage, the 
attack by liquid metals on the materials of their 
containers and structural materials will be termed 
“corrosion” when discussed in its more general 
sense. When considering specific cases more precise 
terms will be used. Liquid metals can be classed as 
alkali (such as NaK) or non-alkali (such as Hg). 
The alkalis are generally the worst offenders in cor- 
rosion as will be seen in the ensuing discussions. 

Several mechanisms of liquid metal corrosion are 
of fairly common type. One of these is a relatively 
uniform solution attack on the solid surface by the 
liquid corrodant. 

Direct alloying is another common method of 
attack. This is the interaction of liquid and solid to 
form surface film or diffusion layers of intermetal- 
lic compounds and solid solutions. If tightly held, 
these may serve as a barrier to further diffusion. 
They may, however, form as loosely adherent scale 
which can even encourage further corrosion. 

Intergranular penetration is a selective reaction 
of the liquid metal with minor constituents of a 
solid. By this mechanism a selective grain-boundary 
attack can drastically alter the physical properties 
of a material with relatively little effect on its ap- 
pearance or weight. Application of a stress to the 
solid, or the presence of a residual stress such as a 
welding stress, while it is exposed to liquid metal 
will often accelerate this type of attack. 

Attack may be from corrosion by contaminants 
rather than by the liquid itself. Oxygen, nitrogen, 
or carbon, dissolved in the liquid or present in sus- 
pension as part of a compound, are examples of 
such contaminants. The most familiar example is 
oxygen which may form an oxide coating on the 
metal. As with direct alloying, this could either 
discourage or promote further oxidation. Also, it is 
possible that the film might be continually removed 
by the fluxing actions of other oxides which might 
be present. 

Corrosion-erosion is the result of attack by flow- 
ing or turbulent liquid metal. This involves removal 
of scale, abrasion by suspended particles, and, in 
the extreme, cavitation which is a breaking out of 
minute particles of the solid. 

Self-welding is a diffusion bonding or welding of 
solid metal surfaces to each other. Although actual 
corrosion plays only a small part, the action is fa- 
cilitated by contact with an alkali metal and is more 
vigorous when the metals are held together under 
pressure. This welding is also intensified by increas- 
ing temperature. The possible interference with 
operation of pumps, valves, and flanged joints may 
therefore place an upper limit on the temperature 
at which a system may be operated. 

Thermal-gradient transfer, a type of mass trans- 
port, is due to coexistence of a sizable thermal co- 
efficient of solubility and a temperature differential. 
Though the actual solubility might be quite low, 
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large amounts of solid may be dissolved at the zone 
of higher solubility and precipitated in the zone of 
lower solubility. In some areas the removal of dis- 
solved materials accelerates corrosion attack. Pre- 
cipitation of material in other areas may interfere 
with moving or removable parts, such as valves and 
flanges, and may actually cause plugging of flow 
channels. Just how this attack will behave in a giv- 
en system is very hard to predict from equilibrium 
solubilities and static tests only. Indeed, these alone 
may predict that the action would go just the re- 
verse of what is observed in actual systems. There 
are also certain elements and compounds which ac- 
celerate or inhibit this action. Generally, these 
must be found on a case basis. 

Concentration-gradient transfer is another type 
of mass transfer action. Normally the dissolving of 
one metal would stop when the liquid became satu- 
rated, however the equilibrium may be upset by a 
second metal with which the dissolved metal can 
alloy to form solid solutions or compounds in pre- 
cipitation or surface diffusion layers. These layers 
also can act as a barrier to the mass transfer if they 
are properly formed. This mode of attack may be 
in some way related to and interdependent with 
thermal-gradient transfer, but the relationship is 
poorly understood. 

Radioactive material transfer is an effect which 
has been observed in NaK systems contained by 
stainless steel in nuclear reactors [7]. This is a mass 
transfer which carries radioactive material from a 
point of corrosion in a radioactive source to a point 
of deposit or atom exchange with receiver metal. 
Its rate is defined as the minimum rate of removal 
of container metal from a radioactive source, in 
micrograms per square centimeter per month, 
which will account for the activity observed in 
other parts of the system. The corrosion rate of the 
parts inside the reactor which become radioactive 
by irradiation may be extremely low, yet very sig- 
nificant amounts of activity may be transferred to 
other parts which would not normally be expected 
to be radioactive. Increases in temperature and 
oxygen content of the NaK increase the transfer 
rate. Impurities in the steel can increase the radio- 
activity level from that due to the steel alone. In 
general, Ag, Sb, Sn and Zn will stay in solution 
in the NaK once it has been removed from the 
steel, while Fe, Cr, Ta, Co and Mn will deposit out 
and leave the system radioactive after draining and 
flushing. Some inhibitors have been found to re- 
duce the transfer rate. 

Electrical effects have been observed in the trans- 
fer of dissolved elements in solid and liquid metals 
under the influence of applied potentials. Howr~er, 
there has been no direct evidence of mass transfer 
by electrolytic means in any liquid metal heat 
transfer system. [5] 

NaK systems are subject to one peculiar type of 
action which is only poorly understood. This is the 
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decarburization of plain carbon steels which have 
been exposed to NaK at elevated temperatures. 
Apparently the transition from ferrite to austenite 
with its lesser rate of carbon diffusion will slow this 
decarburization, since one observer [5] has noted 
more rapid weight loss and more extensive decar- 
burization of SAE-1020 steel when exposed to im- 
pure NaK in the ferrite region at 700°C than in the 
austenite region at 800°C. 

Because of the many variables and unknowns in- 
volved, any laboratory tests to evaluate materials 
for possible use in liquid metal heat transfer sys- 
tems should be executed so as to simulate as close- 
ly as possible the conditions expected in service. 
Since the materials of a heat exchanger are never 
fully homogenous and without flaws, and since the 
parts formed and joined (especially by welding) 
are not without stresses and imperfections, these 
elements should be present in laboratory samples. 
Also, as indicated earlier, actual flow and thermal- 
gradient conditions may have a very marked effect 
and should be duplicated. 

Most of the more readily available data on cor- 
rosion resistance has been based on the following 
standards: 


Rate of Attack 
Rating mils/year 
Good <1 
Limited >1, <10 
Poor >10 


It is to be remembered that these ratings will not 
tell us much about intergranular penetration or the 
mass transport attacks. This data has been sum- 
marized in the Liquid-Metals Handbook. [5] For 
the most part it is based on limited numbers of 
small-scale laboratory tests. Consequently the in- 
formation presented should be taken only as a 
guide by which to eliminate obviously undesirable 
materials and from which to select materials for 
further testing in simulated or actual service con- 
ditions. 

Hazards of Material Failure 

In the matter of relative danger of material fail- 
ures it is again the alkali metals which are the 
greatest offenders. Being generally more corrosive, 
they are more likely to cause leaks or plugging of 
flow passages and consequent burnout of a tube 
which will allow either escape of the liquid metal 
or its contamination. At any leak, even a very small 
seepage, the combination of hot alkali and air is 
extremely corrosive and can cause further failure 
in a matter of minutes or even seconds. 

Should an alkali such as NaK come into contact 
with liquid water through leakage or tube failure, 
the reaction can proceed with explosive violence; 
however, proper design can allow for this possibili- 
ty by making the regular relief valve system ade- 
quate to handle any over-pressures caused in this 


way. 





At high temperatures, many liquid metals, such 
as NaK or magnesium, will burst into flame in the 
presence of air. The only truly effective methods of 
fighting such a fire are those which smother it by 
excluding air or oxygen. The more conventional 
fire fighting apparatus must therefore be discarded 
and replaced by special gear. 

If a failure should occur with no hazard to the 
system or its operators, there is still the problem of 
how to effect repairs. There is, of course, the matter 
of possible contamination of the liquid metal. This 
is critical since more than 0.020 weight per cent 
oxygen in a sodium-stainless steel system will ac- 
celerate corrosive attack. If the liquid is badly con- 
taminated, it may be best to dispose of it and re- 
charge the system. This wastes the metal, but on 
the other hand, many purification methods are too 
costly and complicated for their use to be practi- 
cal [5]. Beyond this, if the system, or any part of 
it, must be drained and freed of all liquid metal 
prior to repairs, additional hazards may be encoun- 
tered. Since alkali metals can react violently with 
liquid water or hydrocarbons, it is usually neces- 
sary to exercise great care and to employ rather 
inefficient cleaning methods. 


System Heating 

In those systems employing liquid metals which 
are solid at ambient temperatures, the additional 
problem of heating is encountered. There will al- 
ways be the difficulty that on shutdown of the sys- 
tem it will have to be heated in all parts containing 
the liquid metal. For those metals having relatively 
higher melting points, such as Bismuth (520°F) or 
Lithium (354°F), there is even greater possibility 
that during operation certain areas such as valve 
bodies, pump chambers, elbows, etc. may be just 
cool enough to cause local solidification and de- 
positing. This can obstruct flow and interfere with 
moving parts. A variety of heating schemes, all of 
which complicate the system, are used to suit local 
conditions. One strong point in the NaK system is 
that the solidification temperature can be varied 
from 208°F to 12°F by changing composition toward 
the eutectic. The compositions most used are those 
which are liquid at room temperatures. 


Hardware Problems 


Because of their properties such as corrosion, 
solidification, viscosity, and high heat transfer rates, 
liquid metals require special hardware not normal- 
ly used in other heat exchangers. In the exchanger 
body itself, the danger of leaks in an alkali metal 
system usually dictates special type construction. 

Particularly in systems using water, it is most 
general to use some sort of double tube construc- 
tion with the hot metal in the inside tube [3] [5]. 
The water may be in the outer tube or perhaps the 
outer tube would contain a mercury buffer with 
the water in the exchanger shell. The unit would 
normally be well instrumented to detect a leak in 
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any direction and relief venting would be provided 
to take care of pressure build-up due to a reaction 
resulting from leaking. 

With such high heat transfer rates there are 
generally very high thermal gradients across the 
metal in the tubes. This usually requires that all 
joints be high quality welds, tubes be as thin as pos- 
sible, and thermal expansion be provided for. These 
thermal stresses are very difficult to calculate, 
therefore, in this field theory is rather barren and 
failure experience is used as the predominant de- 
sign tool. 

In handling the corrosive liquid metals, packless 
valves have become the order-of-the-day so as to 
avoid leaks. Bellows-sealed valves, with the bellows 
welded to the valve have been used extensively 
and are now commercially available. These valves 
and bellows are required to be tight to a mass- 
spectrometer test and are somewhat difficult to 
maintain in service. Although the bellows may be 
mechanically cycled in test for about 500 cycles 
without failure, it is very prone to fatigue failure 
in service when vibration is present from such 
sources as valve chatter or machinery vibration. 

In the field of pumps a great deal has been done 
to develop a closed pump which is lubricated by 
the liquid metal. So far, the problem of galling of 
bearings surfaces has not been solved. Also, the 
problem of bearing leakage is still present. This 
can be solved by allowing liquid metal to leak past 
the bearing into a chamber filled with inert gas. The 
gas chamber can be fitted with a labyrinth seal on 
the pump shaft and the liquid metal can be col- 
lected and returned to the system. None of these 
pumps can be expected to be more than 75 per cent 
efficient. [7] The above mentioned troubles can be 
circumvented by using some type of electromag- 
netic pump which will have no moving parts and 
thus can be fully sealed. These are adequately de- 
scribed elsewhere [1] [5] and depend basically on 
having a current flowing in the liquid metal. The 
electrical resistivity of most practical liquid metals 
is suitable for use in this type of pump. However, 
it should be remembered that just as a centrifugal 
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pump designed for salt water will be inefficient in 
oil, so also might electromagnetic pumps suffer 
when not pumping the specific metal they were de- 
signed for. 


CONCLUSION 


Fundamentally, the possible high heat transfer 
rates of liquid metals make them attractive despite 
their drawbacks. The many forms of attack which 
can be lumped under the term “corrosion” are so 
complicated and hard to predict that, when design- 
ing a heat exchanger, one should rely on past ex- 
perience with very similar designs or perform tests 
which simulate to a high degree all the factors 
which will influence performance in actual service. 
In addition, the problems of stress and leakage re- 
quire a very fine attention to design and fabrica- 
tion. Joints should be welded and relieved in a 
manner which leaves minimum residual stresses 
and non-homogenous material. All hardware such 
as valves and pumps must be of special type allow- 
ing no externai leaks and moving parts should be 
eliminated or minimized whenever practical. 
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THE PROBLEM OF TWO 
DIFFERENT SYSTEMS OF MEASURES 


THE AUTHOR 
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three years he dealt with ship’s propulsion machinery and standardization 
of ship’s equipment. He now belongs to the editorial staff of the journal 
“Brennstoff-Warme-Kraft.” He has published several articles on gas tur- 
bines and ship’s propulsion systems. 


O: THE SUBJECT OF redefining metric equivalents 
for English measures, Mr. Buchsbaum * made quite 
a lot of statements by means of which he tried to 
prove the unscientific standpoint of those tending to 
adopt a universal system of measurement. By imput- 
ing to opponents of the English system of measure- 
ments, opinions from which they appear to be a 
group of feeble minded quacks, but still smart enough 
to want to undermine the economic power of coun- 
tries using the English system of measurement, Mr. 
Buchsbaum calculated to impress the reader not by 
force of argument or truth, but by beauty of words. 

From what we read in Mr. Buchsbaum’s proposal 
the essential difference between the system of units 
and the system of measures remains confusing. 
Whether 1 meter as a unit is superior to 1 foot is not 
in question at all. As per definition 1 meter is to be 
a ten millionth part of the earth’s meridian (which, 
by the way, is not correct because of the error made 
when the length of the meridian was calculated, de- 
rived from nature. As a unit, 1 foot would do just as 
well. From this point of view neither of the units 
appear to have an advantage. The same is valid when 
we consider grams and pounds as the units of weight. 
The difference starts to appear only when we pass 
from units to systems. Our system of numbers is deci- 
mal. So is the metric system. Let us have a look at 
the English system of measurements: 12 inches = 1 
foot, the ratio is duodecimal; 3 feet =1 yard, the 
ratio is ternary; and to describe magnitude of the 
ratio 5280 feet = 1 statute mile would require an 





* Buchsbaum, A.: English and Metric Systems Can Co-Ezist 
Peacefully, A.S.N.E. Journal 72(1960)2, May, pp. 291-94. 


enlarged vocabulary. This is similarly the case when 
treating the weights or any derived measures such 
as areas, volumes, pressures etc. In marine use we 
see 1 nautical mile=10 cables= 1000 fathoms. 
These are of English origin and the ratio is decimal. 

The only deficiency of the English system is due to 
the ratio of measures which is not decimal. If it were 
decimal, both systems would be equally good (if we 
do nct take into account the units of electricity) . The 
advantage would be on the English system’s side since 
it has been in use for a longer time. The historical 
influence of the English system is still felt in the 
metric system. As an instance, we can cite one horse 
power which, slightly modified, was adopted by the 
metric system. I do not think that a viewpoint which 
requires for decimal system of numbers a decimal 
system of measures should be called unscientific. 

Mr. Buchsbaum’s style tends to deride and to con- 
trovert the assertions which he imputes to those that 
do not share his view, thus trying to influence those 
that are poorly acquainted with the subject. For in- 
stance, in his article, we can read that followers of 
the metric system consider it as scientific just because 
it is European and not native. Such an attitude is 
absurd. It could not be presented to a scientific forum 
by anyone who does not want to appear to be stupid. 

The principle argument which the followers of the 
English system can use is that all of their tools, 
measuring instruments etc. are made to the English 
system which is also more familiar to persons who 
use them. A change over to the metric system would 
mean a great loss which can be estimated, only 
roughly. A study should be made to determine the 
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best way for making such a step, which would require 
a pretty long time having an order of magnitude of 
5 to 20 years. Only by such a lengthy period can the 
economic stability of countries concerned be main- 
tained. 

The adoption of the metric system in nuclear engi- 
neering by countries which otherwise use the English 
system is at least surprising, when we have in mind 
the fact that nuclear engineering originates in the 
USA. This fact should be considered and given 
proper importance. There is also the question of a 
future day which might render the adoption of metric 
system indispensable? If this question could be an- 
swered with certainty, it would be also become clear 
what should be done. However, if there are indica- 
tions in such a sense, then there is only one solution: 
to make the change better sooner than later, because 
later will mean bigger losses and longer time. Such 
reasoning is objective and benevolent and it does 
not result from a nontolerance of the English system 
nor by a drive to standardize everything. 

It is possible, that a less severe but still equally 
good solution could be found. Should the structure 
of the English system of measures be made decimal, 
it would become equivalent to metric. As the length 
unit, one inch or one foot could be used, or accord- 
ing to Mr. Buchsbaum proposal 4%, inch, and all other 
measures should be decimal fractions and decimal 
multiples of the chosen unit. The same is valid for 
weights where the choice could be made between 
ounce and pound. I presume that passing over to such 


a decimal system would be easier and that it would 
involve smaller sacrifice, though the desired goal 
would be only partly achieved because the units 
which are used in electricity the world over, namely 
the ampere, volt, watt, etc. are based on the metric 
system. 

The existence of two different systems of measures 
is inconvenient for both sides. It is equally incon- 
venient to use a formula of one system in another 
as well as to convert drawings from one system into 
another. It follows: if we accept coexistence of both 
systems such a compromise is equally hard for all 
of us, which makes the need for a universal system 
mutually desirable. 

According to the cited article the followers of the 
metric system have a passion to standardize and to 
mold everything. To talk about it is out of place if 
the trend of our time is properly understood. Quick 
development of techniques in twentieth century re- 
quires order and simplifications in the growing va- 
riety of its features, as the man of our time is un- 
avoidably confronted with expanding demands, which 
require greater responsibility and wider knowledge. 
It should be avoided to complicate for what is possi- 
ble to find a purposeful and logical simplicity. Human 
beings differ so widely each from the other that a 
standardization of customs, habits, even of our way 
of life is entirely fictitious. There is no place for any 
fear that through standardization our world may at 
one day become grey and dull. 


COMMENT BY M. ARNOLD BUCHSBAUM 


The author appreciates the comments received 
and the viewpoint expressed. Their tones seem to 
prove rather than disprove the author’s indication 
of the nature of some advocates of the metric sys- 
tem. 

The sinister or foolish imputations read into the 
author’s mind across thousands of miles and many 
borders has no basis in fact. 

The article did not contend that there is anything 
inferior about the metric system. In fact, it was in- 
tended to indicate which features of the metric sys- 
tem could be applied with profit to the English 
system. 

If the question were one of scientific harmony 
alone, there could be few arguments favoring a per- 
manent retention of more than one system of units. 

The universal adoption of any one system, how- 
ever, reaches far into the political, social, and eco- 
nomic structure of a nation. As an example, is it 
sensible to change over if 90 per cent of the econo- 
my is dependent on and is consistent with the exist- 
ing system of units, while 10 per cent, let us say 
the export trade, clashes? It would certainly be far 
more sensible and economically justifiable to spend 
a little extra effort in converting the 10 per cent to 
the needs of the other system, rather than changing 
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the 90 per cent. 

Despite great implications of the immediate urg- 
ency of the problem of the duality of units, we have 
existed with it for many years. I suspect it will con- 
tinue to be with us many more years. The reason 
for its continued existence will lie in its practical 
and not scientific aspects. The engineer’s job is defi- 
nitely intertwined with an appreciation of economic 
needs and he cannot forsake this for the niceties of 
scientific advantages. 

The fact that some esoteric industries such as 
atomic energy may be on one consistent system of 
units (although there is doubt on its universal ap- 
plication) only may prove an exception. Our econ- 
omy depends primarily on the “bread and butter” 
industries of which shipbuilding is certainly a part. 
The atomic energy field is but a small and experi- 
mental part of the total industrial output, however 
well publicized it may be. 

If we realize how far reaching the proposed 
changes would affect our daily lives—the weighing 
scales at homes and in the stores, the automobile 
speedometers, the carpenters’ rule, the quart bottles 
and gallon jugs, we may with perfect justice ask— 
is it necessary to change, is it urgent to change? 
Do we benefit or lose if we change? 
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BOOK REVIEWS AND NOTICES 


MARINE SALVAGE OPERATIONS 
by Edward M. Brady 
Published in 1960 by Cornell Maritime Press 
Cambridge, Massachusetts 


256 pages of text and illustrations 


Price $8.50 


Reviewed by 
W. L. MarsHatit, Commander, USN 


Head, Damage Control, Ship Salvage and Personnel Protection Branch 
Bureau of Ships 


This is the first handbook or ready reference that 
has appeared in the American Press on marine sal- 
vage. It lists and describes equipment and techniques 
and the inherent problems which accompany the 
conduct of salvage operations. It is definitely not 
written for light reading, but rather as a guide for 
ship salvage men, divers and seagoing officers and 
men who need a quick and accurate reference. 

The author received his basic salvage training 
while in the Navy at the U.S. Naval School, Salvage, 
Bayonne, New Jersey. Those salvage men and divers 
who are graduates of this school will feel a certain 
nostalgia with this book since a good deal of the in- 
formation and some of the illustrations stem from 
lectures and classroom work of that school. Mr. 
Brady has done an excellent job of organizing this 
information and supplementing it with additional 
data from other sources. The result is a well organ- 
ized reference text for the working salvage man. 

The author’s expressed purpose throughout “Ma- 
rine Salvage Operations” is to point out that the 
single most important element in all ship salvage 
work is “Man.” No two salvage cases are ever alike 
even though the same ship might be involved. For 
this reason, it is essential that the salvage man be 
well grounded in all the basic principles of this sub- 





ject and know how to apply them. The best of sal- 
vage equipment is of little value unless properly 
handled and effectively used. Imagination and a cool 
head are just as essential since the successful salvor 
must be able to visualize how the selected combina- 
tion of techniques in a given case will lead to suc- 
cess and this is often necessary under pressure not 
only from the elements, but also from worried and 
excited owner’s representatives and ships’ officers. 
In this book no attempt has been made to discuss 
preservation of materials recovered from the sea. 
The author feels this is a separate subject. In gen- 
eral this is true, but in some cases the initial acts 
of preservation must be accomplished before the sal- 
vage has been completed. These, often hurried and 
rough, but vital, preservation techniques should have 
been included in the text in my opinion. 

“Marine Salvage Operations” is divided into six 
main chapters which cover—Types of Ship Salvage— 
Practical Diving—Naval Architecture—Equipment 
and Structures Used in Salvage—Salvage Practice— 
Miscellaneous Salvage Operations, Techniques and 
Hazards. Three types of ship salvage are defined— 
Strandings, Sinkings and Rescue Towing. In my 
opinion the subject of Strandings should be sub- 
divided into Strandings on an open exposed sea 
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coast where a wreck is exposed to the wind and sea, 
and Strandings that occur in harbors and protected 
waterways. It takes a far higher degree of knowl- 
ege and skill to refloat a stranded ship on the open 
sea coast than in protected waters where the effects 
of the elements are effectively curtailed. The above 
differentiation is normally made in the U.S. Navy. 
The Navy also recognizes one additional category of 
ship salvage, namely, Harbor Clearance. This is the 
clearing of ships and other wreckage from a badly 
damaged harbor and would normally occur only in 
wartime or as a result of a major catastrophe. This 
type of salvage is actually a multiple type of the 
Sinking category in this book with the added prob- 
lems of badly damaged shore facilities and unex- 
ploded ordnance and mines. At the end of this chap- 
ter, the author states that a vessel should not be 
sunk below about 150 feet to be considered for 
salvage. This is too deep except in the case of sub- 
marines or vessels that can be raised with pontoons. 
Normally a surface ship sunk below 50 feet or 60 
feet requires extensive shoring of bulkheads and 
decks. This is costly and time consuming, both in- 


creasing very rapidly with depth because of the 
limitations imposed on the divers as to working 
time and decompression. Consequently, 50 feet to 60 
feet is considered to be the maximum economical 
salvage depth in most cases. In the chapter on Naval 
Architecture, Mr. Brady has done an excellent job 
of providing just sufficient theory to provide the 
reader with the basic tools he needs. Care has been 
taken to stress the ship construction and rigging de- 
tails and the mechanical skills so vital to success in 
this field. The chapter on Practical Diving gives a 
good, quick review of the three main types of diving 
and a comparison of the relative merits of one versus 
another in salvage work. In the chapter on Salvage 
Practice, I believe the author should have stressed 
the difficulties of using compressed air in salvage 
work even more than he did. These criticisms are 
minor except in the case of the depth of water at 
which salvage is practical. 


This book fills a need that has been felt for a num- 
ber of years. It should be in every salvage man’s 
library and available for any other seaman or diver 
who has a need to delve into the ship salvage busi- 
ness. 


“INCOMPRESSIBLE AERODYNAMICS” 
Edited by Bryan Thwaites 
Published in 1960 by 
The Oxford University Press Amen House London E.C.4, Eng. 
636 pages of text and illustrations 


Reviewed by 
J. F. Hittman, Bureau of Ships, Navy Department 


This imposing volume, the first of a series of Fluid 
Motion Memoirs sponsored by the Aeronautical Re- 
search Council of Great Britain, contains the con- 
tribution of some sixteen collaborators. As the title 
suggests, the subject matter is oriented principally 
towards the problems of flight of aircraft; the elim- 
ination of compressibility effects in this work, how- 
ever, brings most of the discussion within the pur- 
view of the hydrodynamicist. 

The organization of this volume is excellent, pro- 
ceeding from the more basic material towards more 
complex and sophisticated topics. There is a refresh- 
ing combination of theory and selected experimental 
data together with some fine illustrations. This com- 
bination serves to join two approaches to this sub- 
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ject, the analytical and the empirical, in a manner 
that will be useful and meaningful to many of us. 
The sheer mass of data presented, however, will 
make this volume rather unwieldy as a classroom 
text. 

In this era of ever-increasing velocities, the naval 
engineer finds himself more and more frequently 
extending the borders of his watery domain to in- 
clude topics not previously considered pertinent. To 
support these forays it becomes increasingly neces- 
sary to refer to works in the aerodynamic field. This 
portion of the memoirs, for which much credit is 
due Mr. Thwaites, should provide a great deal of 
this support. 
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POLARIS 
The Concept and Creation of a New and Mighty 
Weapon 
By James Baar and Wiii1aAmM E. Howarp 
245 Pages $4.50 
Published by 
Harcourt, Brace & Co. 
750 Third Avenue, New York 17, N. Y. 
Reviewed by J. E. Hamilton 
As an individual, not as an officer of ASNE 


The authors of POLARIS are, respectively, Asso- 
ciate Editor for Military Affairs and Managing 
Editor of Missiles and Rockets. Each has a near life- 
time background of reporting and editing. They 
demonstrate, in POLARIS, ability to tell a story 
clearly, convincingly, and with interest sustaining 
vigor. 

POLARIS is a story of an idea which took 18 
years to be translated into hardware; of the men 
who pushed the idea and possibly of greater im- 
portance, of those whose action or inaction kept the 
program from getting underway or slowed it down 
later. 

It was in 1942 that German scientists fired the 
first rocket from a submerged submarine. Hitler’s 
bureaucracy killed the concept at that point. In 
1945 the idea was reborn in the Navy’s Bureau of 
Ordnance. Hitler was gone but he was not needed. 
It was ten years later in December 1955 before 
Rear Admiral (Red) William F. Raborn, Jr., U.S. 
Navy opened his new Special Projects office with 
the mission of putting a missile to sea in a subma- 
rine in ten years. 

In 200 pages the struggle between dogged de- 
termination with confidence and imagination against 
bureaucracy and other evils is described in an in- 
teresting and striking fashion. The first operational 
missile went to sea in a submarine in less than five 
years and not in ten as originally expected. An un- 
paralleled achievement of leadership which gained 
the loyal cooperation of thousands in industry and 
the support of a big majority in Congress but with 
few exceptions had to fight against an attitude of 
“you’ve got to show me” in the Department of De- 


BOOKS 


“Using Centrifugal Pumps” by E. Allen, published 
by Oxford University Press, 417 Fifth Avenue, New 
York 16, New York. 246 pages, $4.80. 

“The Mobile Manual for Radio Amateurs,” pub- 
lished by The American Radio Relay League, West 
Hartford, Connecticut. 282 pages, $2.50. 

“The A.R.R.L. Antenna Book,” published by The 
American Radio Relay League, West Hartford, 
Connecticut, 320 pages, $2.00. 

“Engineering Mathematics” by J. Blakey and M. 
Hutton, published by Philosophical Library, Inc., 15 


fense. Raborn’s organization did show them. In 
October 1960 the George Washington and the Pat- 
rick Henry were proved to be operational. The 
greatest deterrent to an all-out thermonuclear holo- 
caust was in being. 

. A peculiarity of this book is that very few things 
which are said in it did not impress this reader as 
being something that he had heard or read at the 
time. The authors have done a remarkable job in 
bringing all of these events, these facts, into line 
and relationship so that the entire story appears as 
a continuum. 

The book makes no attempt to present a picture 
of a one man show. The one man, Admiral Raborn 
was there but he had the continual support from 
the top of the Chief of Naval Operations, Admiral 
Arleigh Burke, and others in the Navy, of many in 
Congress and the support from below of his entire 
staff and of thousands of industrial concerns, scien- 
tists, management experts and others. The book 
leaves the impression that the entire job in the 
Navy Department was done by the Special Projects 
office. It seems probable that the regular naval or- 
ganization particularly in the Bureaus of Ships and 
Ordnance must have made a sizable contribution 
and the authors might well have added a few pages 
to clarify this. 

One can hardly read this book without convic- 
tion that the United States can accomplish anything 
technological. Given the right leadership the assets 
of the country are the equal of any and better than 
most. Furthermore, the right combination is not de- 
terred by difficulties and no opposition is strong 
enough to stop it, only to hamper, and delay and 
to make the job harder. 

The book presents something of the development 
of the management tools which contributed to the 
successful outcome of the POLARIS program. It 
can be expected that more will be heard of PERT 
as it is developed by use of electronic processing 
equipment to digest information received by rapid 
communications and to turn out condensed facts 
for consideration by top management in making 
decisions. 

This book deserves wide reading. 


RECEIVED 


East 40th Street, New York 16, New York. 603 pages, 
$10.00. 

“Transformers and Generators for Power Sys- 
tems” by R. Langlois-Berthelot, published by Phil- 
osophical Library, Inc., 15 East 40th Street, New 
York 16, New York. 541 pages, $12.00. 

“Transactions of the Institution of Naval Archi- 
tects,” Volume 101, 1959, edited by Captain A. D. 
Duckworth, R.N., published and sold by the Insti- 
tution of Naval Architects, 10, Upper Belgrave 
Street, London, S.W.1. 448 pages. 
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CAPT HENRY C. 
DINGER 


On 15 October 1960 m 
New York City, Henry 
C. Dinger died at the age 
of 84. This closed the ca- 
reer of one of the Navy’s 
true pioneers in engineer- 
ing and shifted the honor 
of being the oldest sur- 
viving past Secretary- 
Treasurer of the Ameri- 
can Society of Naval En- 
gineers to another. 





Caplin Dinger retired Sata Hen § Doge USN, oie at he 
from active duty in the 

Navy in 1930 after serv- 

ing for 32 years from his graduation from the Naval Academy with the class of 
1898. At the academy he had been an engineering cadet but, because the Engi- 
neer Corps had been abolished he graduated as an unrestricted line officer. The 
class of ’98 graduated early, on 2 April to permit its assignment for war duty. 
Dinger was first assigned to USS Columbia; then to USS Celtic to participate 
in the Puerto Rican Campaign and to various ships in the Far East to take part 
in the Philippine Insurrection and the Boxer Rebellion. 

His shore duty was all identified with engineering. When he first reported to . 
the Bureau of Steam Engineering in 1903 he joined the American Society of 
Naval Engineers. During later tours in the Bureau he served as Secretary-Treas- 
urer of the Society in 1909, 1910 and 1914. In 1909 he made the arrangements for 
the first banquet which the Society held in Washington. 

The following acts and achievements earn him the title of Pioneer Naval 
Engineer: 

In 1903-04 he assisted in writing the report of the Fuel Oil Test Board. This 
report officially started the general shift from coal to oil as the Navy’s fuel; 


In 1904 he made recommendations which led to the assignment of the first offi- 
cer Assistant Chief of Bureau and the First Chief Draftsman in the Bureau; 


In 1908 he published a handbook for the Care and Operation of Naval Machin- 
ery; 
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During the same year he supervised the tests of the first U. S. Mechanical 
Atomization fuel oil burner; 


In 1909 he drew up a scheme for special training of young line officers for 


engineering duty which led to some improvements in the Navy Post Graduate 


School; 


In 1910-11 he commanded USS Drayton one of the first group of oil-burning 
destroyers; and 


In the Drayton tested the first Sperry Gyro Compass; 


In 1912 the USS Utah won the Engineering trophy while he was Chief Engi- 
neer; 


In 1913-16 he prepared the first draft of the General Specifications for Machin- 
ery in the Navy; 


In 1915 he drafted legislation which was enacted in 1916 and created the officer 
designated for Engineering Duty Only in the line of the Navy; 


He was in the first group to be designated EDO in 1916 


In 1916-17 he commanded USS Maumee, the first diesel driven naval surface 
ship and there conducted the first oiling at sea. 


Following World War I for his services in which he was awarded the Navy 
Cross, he served successively as Inspector of Machinery at the Fore River Ship- 
building Plant at Quincy, Mass. 1918-1920; Engineering Superintendent of the 
Philadelphia Navy Yard 1920-1924; Inspector of Naval Material New York 1924- 
1926; and Officer in Charge, Engineering Experiment Station 1926-1930. While in 
the last position he served as chairman of the A.S.M.E. Committee on Diesel Fuel 
Oil Specifications, developed the Work Factor method for purchase of lubricating 
oil, packing, etc., and conducted basic research on fatigue and corrosion fatigue of 
metals. 


Captain Dinger retired from active duty in May 1930 and established his home 
in Philadelphia, later moving to New York City where he was residing at the 
time of his death. He was a director of the Union Paving Co., of Philadelphia and 
a Consulting Engineer. 

During his retirement, Captain Dinger maintained his interest in the Society 
and frequently commented on something which appeared in the JouRNAL. His 
interesting and informative letters were printed in the issues for May 1952, 
August 1956, November 1956 and November 1959. In 1958 he attended the So- 
ciety’s banquet in Washington but thereafter his health prevented his joining us. 

Captain Dinger is survived by a son, Frank; a daughter Sister Maura, O.S.B.; a 
brother Julius; and six grandchildren. Interment was in Arlington National Cem- 
etary on Wednesday, 19 October 1960. 
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Facilities for storing, handling, processing and packaging of the low 
and high level radioactive waste products from the nearly completed 
nuclear ship Savannah will be provided by a special barge built by the 
Todd Shipyards Corporation yard at Houston, Texas. 

The barge, named Atomic Servant, was launched on June 8, and has a 
length of 129 ft., a breadth of 36 ft. and a depth of 14 ft. Structurally the 
barge is longitudinally framed and has been classed and inspected by the 
American Bureau of Shipping and the United States Coast Guard for 
short coastwise service. The hull is subdivided by two longitudinal and 
eight transverse watertight bulkheads and a double bottom to give two 
compartment subdivision protection. Above the inner bottom level are 
the waste processing compartment, laboratory and fuel pit area. These 
are designated contaminated spaces. The store rooms, cement area, 
maintenance, workshop, machinery space and switchboard station are 
regarded as non-contaminated areas. 

Within the large deckhouse on the main deck are the decontamination 
and workshop areas, personnel de-contamination room, changing area 
and laundry. Non-contaminated spaces on the main deck include the first- 
aid room, issue room, locker area and toilets. An operations center is lo- 
cated on top of the deckhouse and alongside is a small pantry and a fan 
room. 

Isolation of the decontamination spaces is maintained by a ventilation 
system arranged so that the air-flow is always from a non-contaminated 
area to a contaminated area and is then discharged through a system of 
filters up an exhaust pipe. This air-discharge is continuously monitored 
for radioactivity. B 

For the handling of certain heavy components and general service a 
diesel-engined revolving marine crane is provided with a capacity of 10 
short tons at 35 ft. radius and using a 50 ft. boom. 


—SHIPBUILDING AND SHIPPING RECORD 
July 21, 1960 


H: 





Non-propelled barge Atomic Servant designed to serve the nuclear ship Savannah. ™ 
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CHANGES IN MEMBERSHIP 


ADDITIONS TO MEMBERSHIP 
The Society announces with pleasure that the follow- 
ing have joined its ranks since the publication of the 
August 1960 issue of the JouRNAL. 


NAVAL 
Andrews, B. H., CAPT., USN 
Mail: USN Underwater Sound Laboratory, 
New London, Conn. 


Ballantine, James Clement, Jr., LTJG., USN 
Mail: USS Pickerel (SS524), 
c/o FPO, San Francisco, Calif. 


Bresler, Harvey, LCDR, USNR 
Federal Aviation Agency 
Mail: 3141 Quesada St., N.W., Washington 15, D.C. 


Cadwell, George Mason, Jr., ENS., USN 
Mail: USS Capricornus (AKA-57), 
c/o FPO, New York, N. Y. 


Filkins, William C., LT., USN 
Mail: 2259 Bellfield Ave., Cleveland Heights 6, Ohio 


Gilfeather, Frank George, Jr., LTJG, USNR 
Mechanical Engineer, Raytheon Mfg. Co., 
Box 160, Wayland Lab., Wayland, Mass. 


Hamwey, Robert Michael, LTJG, USNR 
Methods Programmer, I.B.M. 
Mail: 8504 - 16th Street, Apt. 304, Silver Spring, Md. 


Lehman, Benjamin J.,. CDR, USNR 
Supervisory Engineer, Lockheed Aircraft Co., 
Missiles and Space Div., Van Nuys, Calif. 
Mail: 201 Creekside Drive, Palo Alto, Calif. 


Nelles, Merice Tilman, LT., USN 
Mail: Naval Ordnance Facility, Navy #3923, 
Box 6, c/o FPO, San Francisco, Calif. 


Peebles, Edward Metcalfe, LT., USN 
Mail: 165 Foster Street, Brighton 35, Mass. 





Phin, Sydney Neill, ENS., USN 
Mail: 64 Ridge Road, New City, N. Y. 


Porter, George W., Jr., LT., USN 
Asst. Professor, Naval Science, University of Texas 
Mail: c/o NROTC Unit, 
The University of Texas, Austin, Texas 


Salmon, Ronald Dean, Brigadier General, USMC (Ret) 
Mail: 640 Oakland Terrace, Alexandria, Va. 


Swanson, Harlan David, LT., USN 
Mail: 55 West Cedar Street, Boston 14, Mass. 


Turner, Clifford O., Jr., LTJG, USNR-R 
Mail: 315 South Pickens Street, Columbia, S. C. 


Veasey, Alexander Craig, CAPT., USN 
Mail: Chief, Navy Section, MAAG, Japan, 
APO 900, San Francisco, Calif. 


CIVIL 
Atkin, Kenneth Clair 
Senior Design Engineer, Convair, 
Division of General Dynamics 
Mail: 5051 Mt. Harris Drive, San Diego 17, Calif. 


Crouch, Robert B. 
Scientific Advisor, Corporate Development Planning, 
Lockheed Aircraft, Burbank, Calif. 


Hobbs, Robert William 
Naval Architect and Engineer 
Mail: 7275 S.W. 104th Street, Kendall, 
Miami 56, Fla. 


Schulz, Fred R. 
Manager, L. J. Wing Mfg. Co., 
2300 N. Stiles Street, Linden, N. J. 
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Shenk, Robert H. 
Vice President, Technical Director, Zurn Industries 
Mail: 3416 Colonial Avenue, Erie, Penna. 


Ward, Lawrence Waterman 
Professor of Engineering, Webb Institute of Naval 
Architecture, Crescent Beach Road, 
Glen Cove, Long Island, N. Y. 


ASSOCIATE 
Cravens, William Murphy, III 
Manager, Navy Sales, General Electric Co. 
Mail: 10423 Montrose Avenue, Apt. 101, 
Bethesda 14, Md. 


Brace, Norman G....... 


Thane, Aung, Commander (E), Burma Navy 
Chief Engineer, Burma Navy, 
c/o US Naval Attache, Rangoon, Box “R”, 
APO 146, San Francisco, Calif. 


JUNIOR 
Smith, Walter Alexander 
Class of 1961, New York State Maritime College 
Mail: Aeroflex Corp., Aeroflex Andover Field, 
Box 193, R.D. 1, Newton, N. J. 


TRANSFERS 
WG TN as 5 is (ae 0 ee OE Associate to Civil 
Wiolcord: Paariow. Co oo. css cole cees Associate to Civil 
Me ON se ooo, as Sa Ok awe Caan Naval to Civil 


DEATHS 
2 REESE: Civil 


Curran, Paul M., CAPT., USN (Ret) 
Dinger, H. C., CAPT., USN (Ret) 


Higgins, Harry A., LT., USNR 
I SEEING, Occ vin sca c bo e'Ss casceee Civil 


Parker, Herbert C. ..... 


FES SINS ERS MERE Naval 








TS. a CaO 
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ASSOCIATION NOTES 


ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon pub- 
lication. Authors are paid from $50.00 to $250.00 depending upon length, interest 
and professional value. Payment is made at time of acceptance. 


ivil 
wil 
ivil 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no 
proof is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, 
so that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing 
is acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable, 


6. Include on a separate page a short biographical sketch(es) of the au- 
thor(s). 50 to 100 words for each author is desired. 


Manuscripts should be addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers, Inc. 
1012 14th St., N.W. 

Washington 5, D.C. 


Each author who is subject to the Security Regulations of the Department of 
Defense, is personally responsible for the clearance of an original article before 
submitting it to the Society for consideration. In forwarding manuscripts, a 
statement in this regard should be included. 


Manuscripts accepted will not be returned unless specifically requested by 
the author. If returned, they will be in the condition which has resulted from 
the work of the printer and the engraver. Immediately following publication, 
the author is furnished 20 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days 
prior to the publication date which is the 25th of the issue month. Estimate of 
cost of additional reprints, which will vary with the nature of the article and 
the number of copies ordered, will be furnished on request as soon as possible 
after the article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JouRNAL 
which has not yet been closed (60 days before publication) and for which suf- 


ficient material is not already on hand. 
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PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JouRNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death 
of any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


COPIES OF JOURNALS 


The Society has made arrangements with the Johnson Reprint Corp. to 
be our sole representative for the sale of copies or reproductions of any 
Journals or parts of Journals which were printed prior to 1951. Any requests 
or inquiries which are received by the Society for these will be forwarded 
without any action by us. 

When making inquiries as to the procurement of or orders for copies or 
portions of any Journal from Volume 1 (1889) through Volume 62 (1950) 
please address 

Johnson Reprint Corp. 
111 5th Avenue, New York, N.Y. 


For Volume 63 (1951) and later address the Society. 


PERMISSION TO REPRINT 


All material published in the Journat, except the articles which are prefaced 
with an “Acknowledgement,” are copyrighted by the American Society of 
Naval Engineers. 

Permission is granted to reprint any copyrighted material contained herein 
if the following conditions are met: 

a) The article is reprinted in full. Extracts or summaries or condensations 
may be printed with the consent of the author. 

b) Credit is given to the JourNAL with reference to the issue. 

c) Credit is given to the author. 

d) If the author is a military officer or a civilian employee of the Depart- 
ment of Defense, the following note shall be carried: 

“The views expressed herein are the personal opinions of the author and are 
not necessarily the official views of the Department of Defense or of a Military 
Department.” 
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ALPLICATION FOR MEMBERSHIP 


IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 
(See reverse side for required qualifications for various classes of membership) 








Date aint 

I, hereby apply for membership 
in the American Society of Naval Engineers, Inc., and enclose $10.00 as my an- 
nual membership dues for the year ________ $8.00 of which is for a subscrip- 


tion to the JouRNAL OF THE AMERICAN Society or Navau ENGINEERS, INc., for 
one year. I submit the following information: 


For Naval Membership 


Name 





(First) (Middle) (Last) 
Rank File No. 








Business connection and position, if any 





For Civil Membership 


Name 





(First) (Middle) (Last) 
Years in engineering work 





Years in responsible charge of important work 





Present business connection and position 





Recommended by (two members) 








For Associate Membership 


Name 





(First) (Middle) (Last) 


Rank, if Commissioned Officer of U.S. Army 
or of foreign military or Naval service 





Business connection and position 





Recommended by (one member) 








Signature of Applicant 
Address for JouRNAL and Mail 








MAIL TO SECRETARY-TREASURER 
THe AMERICAN Socrety oF NavaAL ENGINEERS, INC. 
Suite 403, Continental Building 
1012 14th St., N.W. Washington 5, D.C. 
Company Memberships Not Available 
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QUALIFICATION FOR MEMBERSHIP 





Commissioned and ex-commissioned officers, warrant and ex-warrant officers, 
and reserve (commissioned and warrant) officers of the Navy, Coast Guard and 
Marine Corps, of the United States, active or retired, shall be eligible as Naval 
Members. Persons eligible as Naval Members shall be admitted upon application 
and payment of annual dues. 


Persons in civil life whose knowledge of engineering is such that they can co- 
operate with Naval engineers in the promotion of professional knowledge may be 
eligible as Civil Members. They shall have been in the active practice of an engi- 
neering profession for at least eight years and in responsible charge of important 
work for five years, and shall be qualified to design as well as to direct engineering 
work. Fulfilling the duties of a professor of engineering who is in charge of a de- 
partment in a college or school of accepted standing shall be taken as an equivalent 
to an equal number of years of active practice. Graduation from a school of engi- 
neering of recognized standing shall be considered as equivalent to two years of 
active practice. Persons eligible as Civil Members may be admitted upon applica- 
tion and payment of annual dues, provided that the application is accompanied by 
the recommendation of two members and provided that the application shall receive 
the approval of a majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who are espe- 
cially interested in naval matters or the merchant marine may be eligible as Asso- 
ciate Members. Commissioned officers of the United States Army, United States Air 
Force and of foreign military and naval services may be eligible as associate mem- 
bers. Persons eligible to associate membership may be admitted upon application 
and payment of annual dues, provided the application has the recommendation of a 
member and provided the application shall receive the approval of a majority of the 
Council, except that in the case of commissioned officers of the United States Army, 
of the United States Air Force, and of foreign naval and military services, the rec- 
ommendation of a member will not be required. 


Undergraduates at schools to be named by and under regulations to be issued by 
the Council shall be admitted as Junior Members at one-half the dues of regular 
members during their course and for one year following graduation, after which 
time junior membership will be terminated, the member to have the privilege of 
transferring to regular membership in the appropriate category. 


Associate and Junior Members shall be entitled to all the privileges of other mem- 
bers except voting and holding office. 


The annual dues shall be $10.00, payable on 1 January in advance, of which $8.00 
shall be for subscription to the JOURNAL of the American Society of Naval Engi- 


neers, Inc., for one year. 
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THE 1961 ANNUAL BANQUET 


of 


The American Society Of 


Naval Engineers 


nill be beld at 


HOTEL STATLER-HILTON 


WASHINGTON, D. C. 


Friday, 28 April 1961 


Notices with application forms will be mailed to all members in 
February 1960 
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